QD  41  S988tn  1889 
04530760R 


NATIONAL  LIBRARY  OF  MEDICINE 


A  MANUAL 


-OF- 


CHEMISTRY 

FOR  THE  USE  OF 

MEDICAL  STUDENTS 


BRANDRETH  SYMONDS,  A.M.,  M.D., 

Assistant  Physician  to  Roo.sevei,t  Hospital,  Out-Patient  Department. 

Attending  Physician,  Northwestern  Dispensary,  ^jts^" 

NEW  YORK. 


<0 


PHILADELPHIA: 

P.  RLAKISTON,  SON  &  CO., 

.NUT 

1889. 


-Y  -^^ 

4/ 


Entered  according  to  Act  ot  Congress,  in  the  year  188!), 
BRANDRETII  SYMONDS, 
In  the  Office  of  the  Librarian  of  Congress. 


PUSBY  &  CO.  PRINTERS,  1398  BROADWAY,  N  Y. 


to  THE  MEMORY 


OF 


MY  FRIEND  AND  COUNSELLOR, 

E,  DflRWIN  HUDSON,  JR.,  S.M.,  M.D. 


PREFACE. 


Although  this  Manual  is  intended  for  the  use  of  medical 
students,  it  is  not  designed  to  be  a  medical  chemistry.  Rather, 
it  takes  up  those  parts  of  General  Chemistry  which  it  is  neces- 
sary for  them  to  know.  A  s  I  have  prepared  students  for  several 
years  in  this  branch,  both  for  their  degrees  and  for  entrance 
into  the  Government  medical  services,  I  feel  that  I  know  their 
needs.  I  have  derived  much  assistance  from  the  lectures  of 
Prof.  C.  F.  Chandler  and  his  published  articles  in  preparing 
this  work,  especially  as  regards  Chapters  IV  and  V.  The  tests 
for  the  important  substances  have  been  grouped  together  in 
Chapter  X.  In  Chapter  XI  is  given  a  brief  account  of  the 
urine  and  the  tests  for  the  more  important  substances  occurring 
in  it.  The  theories  of  to-day  concerning  chemical  action  are 
briefly  pre  ented  in  Chapter  XII.  While  the  omissions  have 
necessarily  been  many  and  important,  I  hope  the  errors  will 
be  found  to  be  few  and  of  little  consequence. 

I  take  this  opi^ortunity  to  thank  Mr.  Walter  Bensel  for  assist- 
ance rendered  during  the  publishing  of  the  book  and  in  the 
preparation  of  the  index.  B.  S. 

New  York,  May  7,  1889. 
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List  of  the  Elements,  with  their  Symbols  and  Atomic 
WEIGHTS.  The  usual  atomicity  of  each  is  indicated  by 
the  Roman  symbol  to  the  right  and  above. 


Name. 


Aluminiumi'^^ 

Antimonyiii  (Stibium) 

Arsenic"' 

Barium" 

Beryllium'' 

Bismuth'" 

Boron''' 

Bromine' 

Cadmium'' 

Caesium' 

Calcium" 

Carbon"' 

Cerium" 

Chlorine' 

Chromium"" 

Cobalt" 

Copper"  (Cuprum) 

Didymium''' 

Erbium"' 

Fluorine' 

Gallium"' 

Gold"'  (Aurum) 

Hydrogen' 

Indium"' 

Iodine' 

Iridium"' 

Ironi"  (Ferrum) 

Lanthanum"' 

Lead"  (Plumbum) 

Lithium' 

Magnesium" 

Manganese" 


Al 
Sb 
As 
Ba 

t  Be 

Bi 

B 
i  Br 

Cd 

Cs 
I  Ca 
'  C 
i  Ce 
I  CI 
1  Cr 

Co 

Cu 

D 

B 

I  ^ 
I  Ga 
I  Au 

i  H 

i;° 

Ir 

Fe 
1  La 
I  Pb 
i  Li 
i  Mg 
1  Mn 


27.4 
128 

75 
137 

9.4 
210 

11 

80 
112 
183 

40 

12 
138 

35.5 

53.2 

.58.8 

C3.4 
144.7 
168.9 

19 
? 

197 
1 

113.4 

127 

198 

56 
139 
207 
7 

24 

55 


N  A  M  E . 

a 

at 

Mercury"  (Hydrargyum) 
Molybdenum"' 



Hg 



200 

Mo 

96 

Isickle"' 

Ni 

58.8 

IMiobium^ 

Nb 

94 

Nitrogen''' 

N 

14 

Osmium"' 

199.2 

Oxygen" 

0 

10 

Palladium" 

Pd 

100.6 

Phosphorus'- 

P 

31 

Platinum"' 

Ft 

197.4 

Potassium'  (Kalium) 

K 

89.1 

Rhodium"' 

Rh 

104.4 

1  Eubidium' 

Kb 

85.4 

Ruthenium" 

Ru 

104.4 

1  Selenium'' 

Se 

79.4 

;  Silicon"' 

Si 

28 

Silver'  (Argentum) 

Ag 

108 

Sodium'  (Natrium) 

Na 

23 

Strontjum" 

Sr 

87.6 

Sulphur" 

S 

32 

Tantalum" 

Ta 

182 

Tellurium" 

Te 

128 

Thallium' 

Tl 

204 

Tliorlnum" 

Th 

235 

Tin"  (Staimum) 

Sn 

118 

Titanium'' 

Ti 

50 

Tung.sten"  (Wolfram) 
Uranmm" 

W 

184 

U 

240 

Vanadium'' 

V 

51  3 

Yttrium"' 

Y 

92. 

Zinc" 

Zn 

65.2 

Zirconium" 

Zr 

89.6 

Throughout  the  text  the  symbols  of  the  elements  have  been 
used  instead  of  the  full  name,  thus  rendering  the  student 
thoroughly  familiar  with  them.  By  the  term  Aq  is  meant 
one  molecule  of  water  of  crystalhzation. 


CHEMISTRY. 


Chemistry,  as  contrasted  with  Physics,  has  for  its  study  the 
elements  and  their  compounds,  and  the  permanent  changes 
which  affect  their  properties  and  character.  The  elements  are 
divided  into  the  metals  and  non-metals.  The  former  have  a 
metallic  Lustre,  are  good  conductoi-s  of  heat  and  electricity, 
and  are  electro-positive.  The  latter  are  generally  poor  con- 
ductors of  heat  and  electricity,  and  are  electro-negative.  We 
will  first  discuss  the  non-metals.    These  are  : 

Oxygen    Selenium  )  These  closely  resemble  each  other  and 
Sulphur   Tellurium  j    constitute  the  oxygen  group. 
Carbon   Boron  Silicon 
Nitrogen  Phosphorus 


Bismuth  j  metalloids. 

Hydrogen  is  properly  a  metal,  but  is  always  described  with 
the  non-metals. 
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CHAPTER  I. 


OXYGEN.— O. 

History. — Discovered  independently  by  Priestley  from  led 
oxide  of  Hg  in  1774,  and  about  the  same  tune  by  Scheele, 
from  black  oxide  of  Mn:  called  by  the  former  dephlogisticated 
air,  and  by  the  latter,  empyreal  air.  A  few  years  later, 
Lavoisier  discovered  that  these  two  were  the  same,  and  he 
called  it  oxygen.  He  also  discovered  that  it  existed  in  the 
air  by  passing  air  over  hot  mercury,  thus  forming  the  red 
oxide. 

Occurrence. — In  the  air  in  admixture,  chiefly  with  N  ;  in 
the  water  in  combination  with  H,  and  also  in  solution,  the 
latter  being  what  the  fishes  breathe ;  in  most  minerals  in 
combination  ;  in  meteorites,  the  sun,  stars  and  nebulae.  It 
exists  in  all  j)lants  and  animals  in  combination. 

The  following  is  a  table  of  the  composition  of  plants  and 
animals  : 

PLANTS. 

Water. 

O  combined  with  C  and  H. 
Tlie  O  and  H  being  in 
the  proportion  to  form 
water,  they  are  called 
carbohydrates. 
Vegetable  acids  )  ^  , 
Fats  (.^  combmed  with 

Resins  (    ^  and  H. 

Essential  oils  \  Composed  of  C  and  H. 
Albumenoids  )  O  combined  with  N,  H, 
C,  and  sometimes  S 

Chlorides 


Cellulose 
Starches 
Gums 
Sugars 


Alkaloids 


ANIMALS. 

Water. 


Fats. 


Albumenoids. 
Alkaloids. 


Mineral  salts 


Sulphates 
Nitrates 
Phosphates 
Carbonates 


of 


K 

Na 

Mg 
Ca 
Fe 

Ammonium 


Mineral  salts. 


*  Animals  contain  a  trace  of  carbo-hydrates  in  the  shape  of  glycogen 
and  glucose. 
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OXYGEN. 


Preparation. — (1)  By  heating  red  oxide  of  Hg  ;  thus  : 
3  Hg  04-heat=2  Hg+O^. 

(2)  By  heating  black  oxide  of  Mn  ;  thus  : 

3  Mn  02+heat=Mn3  d+O,. 

(3)  By  heating  potassium  chlorate  ;  thus  : 

3  K  CI  03+heat=2  K  Cl+SO^. 

(4)  By  mixing  K  CI  O3  and  Mn  O2  and  applying  heat,  the  O 
is  liberated  at  a  much  lower  temperature  from  the  K  CI  O3, 
the  Mn  O2  not  being  affected. 

There  are  many  other  ways  of  obtaining  O,  but  these  are 
the  best  and  most  common.  It  can  be  obtained  directly  from 
the  air,  but  not  very  cheaply. 

Physical  Properties. — A  gas,  colorless,  odorless,  tasteless 
and  invisible  ;  slightly  soluble  in  water  ;  of  a  specific  gravity 
1.  1.    Like  all  gases ;  it  can  be  liquefied. 

Chemical  properties. — Is  incombustible,  but  supports  com- 
bustion. F  is  the  only  element  which  does  not  unite  "  ith  it. 
All  other  elements  unite  with  it  to  form  oxides  ;  thus  ; 


Ba  forms 

Ba  0,  barium  monoxide. 

Mn  " 

Mn  O2,  manganese  dioxide. 

Fe  " 

Fe2  O3,  iron  sesquioxide. 

S 

S  O3,  sulphur  trioxide. 

N 

N2  Oi,  nitrogen  tetroxide. 

P 

P2  O5,  phosphorus  pentoxide. 

These  oxides  are  of  three  classes ;  acid,  basic  and  neutral. 
Acid  oxides  are  so-called  because  when  united  with  water 
they  form  acids  ;  thiis  : 


P2  O5+3  H2  0=2  Ha  PO4,  phosphoric  acid. 
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Basic  oxides  are  so  called  because  when  united  with  water, 
they  form  bases,  thus  : 

Ba  O+H2  0=Ba (OH)^,  baryta. 

Neutral  oxides,  of  which  Mn  O2  is  an  example,  are  so  called 
because  they  form  neither  bases  nor  acids  with  water. 

Function  in  Nature. — Its  chief  use  is  to  support  combustion. 
The  amount  of  heat  produced  by  combustion  is  fixed  and 
depends  upon  the  amount  of  the  substance  burned,  while  the 
temperature  depends  upon  the  rapidity  of  the  combustion. 
Animal  heat  and  power  are  derived  from  combustion,  and 
so  O  is  the  chief  source  of  life. 

fCO^. 

Plants  eat  what  animals  produce -| 

L  Salts. 

Animals  eat  what  plants  produce  |  Jegetable  principles. 

Plants  under  the  action  of  the  sunlight  take  the  CO2,  and 
split  it  up  into  C  and  O2,  the  C  then  uniting  with  other  ele- 
ments. In  this  way  they  render  latent  in  the  C  a  certain 
amount  of  heat,  which  becomes  manifest  when  united  with  O, 
Animals  eat  the  C,  and  in  their  tissues  it  becomes  united  with 
O,  thus  forming  again  CO2.  The  heat  developed  in  this  way 
can  then  be  transformed  into  force  and  energy. 


OZONE— O3. 

This  is  a  form  of  condensed  O,  its  specific  gravity  being  one 
and  a  half  times  as  heavy  as  ordinary  O,  the  molecule  of 
which  contains  but  2  atoms  of  O. 

History.— In  1785,  discovered  by  Von  Marum,  who  called  it 
electrified  O.    In  1840  Schonbein  discovered  its  nature. 

Preparation.— {V)  By  passing  an  electric  spark  through  O  ; 
thus  : 

302=203. 
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HYDROGEN. 


(2)  By  the  slow  oxidation  of  P  in  moist  air  ;  thus  : 

2  P+302=P2  O3+O3. 

(3)  In  the  electrolytic  decomposition  of  water,  small  quan- 
tities of  O3  are  formed. 

(4)  By  acting  upon  potassium  permanganate  with  strong 
sulphuric  acid  ;  thus  ; 

K,  Mn.  Ob+S  H,  S04=K.  SO  .+2  Mn  SO4+3  H.O+O.+O3. 

Occurrence— It  is  very  extensively  distributed,  in  the  air, 
most  natural  waters,  in  the  juices  of  plants,  etc.,  but  only  in 
very  small  traces.  It  is  more  abundant  after  thunderstorms. 
It  is  formed  during  slow  oxidation,  especially  of  turpentine, 
and  hence  is  more  abundant  in  pine  forests. 

j^Qst.—It  liberates  I  from  potassium  iodide ;  thus  : 

6  K  1+3  H20+03=6I+6  K  O  H. 

If  the  I  is  in  contact  with  starch,  it  will  strike  a  blue  color 
with  it.  This  test  is  the  one  commonly  used,  but  is  not  good, 
for  nitrous  acid  and  hydrogen  dioxide  will  do  the  same.  A 
reliable  test,  but  not  delicate,  is  the  oxidizing  of  silver  foil  ; 
thus  : 

Ag.,-|-03=Ag2  O+O2. 

Properties. — A  gas,  with  a  peculiar,  strong  odor  and  marked 
bleaching  properties.  It  is  a  deodorizer  and  a  disinfectant. 
It  sometimes  acts  as  an  oxidizing  agent,  as  shown  above,  and 
sometimes  as  a  reducing  agent :  thus  : 

Ag,  0+03=Ag2+202. 

HYDROGEN— H. 

History. — Discovered  by  Cavendish  in  1766. 

Occurrence. — In  combination  in  water  and  in  all  vegetable 
principles  ;  in  the  air,  in  ammonia,  nitrous,  nitric  and  sul- 
phuric acids,  and  hydrogen  dioxide.    It  is  also  found  free  in 
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the  sun,  stars,  comets,  etc.  Does  not  exist  free  on  the  earth, 
but  is  found  free  in  the  pores  of  some  meteorites  which  have 
fallen  on  the  earth's  surface. 

^Preparation. — (1)  By  electrolytic  decomposition  of  water, 
H  going  to  the  negative  pole. 

(2)  By  the  action  of  metallic  Na  on  water ;  thus  : 

2       0+Na.2=Na.2  O  H+H^. 

(3)  By  the  action  of  steam  on  red-hot  iron  ;  thus  : 

4      0+3  Fe=:Fe3  O4+4  H^. 

(4)  Usually  by  the  action  of  Zn  on  dilute  sulphuric  acid ; 
thus  : 

H2  SO4,  H2  0+Zn=Zn  SO4,  H2  O+H2. 

Pro2jerties.—A  gas,  colorless,  odorless,  tasteless  and  invisi- 
ble, combustible,  but  not  a  supporter  of  combustion.  It 
burns  with  a  pale-blue  flame,  forming  water,  and  giving  off 
more  heat  than  any  other  substance,  weight  for  weight.  It  is 
the  lightest  substance  experimented  with. 

Function  in  Nature.— Aids  in  the  formation  of  water  and  of 
various  animal  and  vegetable  substances. 

Uses  in  the  Arts.— Vsed  for  the  heating  and  illuminating 
effects  in  the  form  of  water-gas  and  of  the  oxyhydrogen  blow- 
pipe. Water-gas  is  made  by  passing  steam  over  red-hot  coal ; 
thus  : 

C+2  H2  0=C02+2  Hs. 

This  then  passes  over  more  red-hot  coal,  and  reacts  thus  : 

C0,+2  H2+C=:2  CO+2  H2. 

This  mixture  is  now  collected  in  receivers  and  saturated 
with  naphtha  vapor,  which  gives  it  a  high  illuminating  power. 
On  account  of  its  lightness,  H  has  also  been  used  in  balloons, 
but  owing  to  its  great  cost  and  diff  usibility  has  been  superseded 
by  coal-gas. 
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Compounds. — With  O. 

O.  Water  (see  Water). 
Hi  O2,  Hydrogen  dioxide  or  peroxide. 

Occurrence.— In  the  ah-,  rain-water  and  juices  of  many 
plants. 

Properties. — A  liquid,  odorless,  with  a  bitter  astringent  taste. 
Like  ozone,  it  sometimes  acts  as  an  oxidizing  agent,  sometimes 
as  a  reducing  agent.  It  is  a  deodorizer  and  disinfectant,  but 
not  very  good. 

Uses. — As  a  bleaching  agent,  disinfectant  and  antiseptic. 

NITROGEN— N. 

History. — Discovered  in  1772  by  Rutherford,  who  called  it 
mephitic  air.    Lavoisier  called  it  azote. 

Properties. — A  gas,  colorless,  odorless,  tasteless,  invisible, 
neither  combustible  nor  supporting  combustion  :  not  poisonous, 
but  incapable  of  supporting  life,  soluble  in  water,  but  less  so 
than  O  ;  a  little  lighter  than  air. 

Preparation. — (1)  By  burning  P  in  the  air  ;  thus  : 

2  P.2+air,  5  (4  No+0.3)=2      O5+2O  N^. 

The  P2O0  is  absorbed  by  water,  leaving  the  N  free. 
(2)  By  heating  ammonium  nitrite  ;  thus  : 

NH4  NO2  +heat=2  H.^  O+N2. 

OccMJ^reiice.— Constitutes  free  about  four-fifths  of  the  atmos- 
phere. Is  also  found  there  in  combination,  as  nitrous  and 
nitric  acids  and  ammonia.  Is  found  in  all  waters  in  solution. 
In  animals  and  vegetables  in  cbmbi nation,  especially  as  album- 
enoids  and  alkaloids. 

Function  in  Nature. — To  dilute  the  oxygen  in  the  air.  It  is 
of  great  value  in  its  various  combinations.  It  is  of  great  value 
to  plants,  but  can  be  obtained  by  them  only  from  its  com- 
pounds. 
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Compounds.— With  H. 
N  Hi ,  Ammonia . 

A  gas,  colorless,  pungent,  irrespirable  ;  very  soluble  in  water, 
and  when  in  solution  alkaline  ;  lighter  than  air  ;  easily  lique- 
fied. Does  not  saponify  fats,  but  makes  an  emulsion  with 
them. 

Found  in  the  atmosphere,  rain-water,  soil,  sewer-gas,  urine, 
etc.  Is  vmiversally  distributed,  but  occurs  in  very  small  quan- 
tities usually .  It  is  produced  in  nature  by  the  action  of  bacteria 
on  organic  bodies  containing  N. 

Its  chief  source  at  present  is  the  ammoniacal  liquor  of  the 
gas-works. 

With  O: 

NoO,  Nitrogen  monoxide  or  nitrous  oxide. 
N3O2,       "       dioxide  or  nitric  oxid*'. 
NaOa,       "      trioxide  or  nitrous  anhydride. 
N2O4,       "  tetroxide. 

N2O5,       "      pentoxide  or  nitric  anhydride. 
The  important  ones  are  N2O,  N2O3,  N2O5. 

N2O,  Nitrogen  Monoxide. 

Discovered  by  Priestley  in  1783.  A  gas,  colorless,  odorless, 
with  a  feebly  sweetish  taste.  Incombustible,  but  supports 
combustion  well ;  respirable  f.^r  a  short  time. 

Is  best  prepared  by  heating  ammonium  nitrate  :  thus 

NH4N03+heat=2H20+N.20. 

It  is  extensively  used  as  an  anaesthetic  in  dentistry  and 
minor  surgery,  having  been  first  utilized  for  this  in  1845. 

^203,  Nitrous  Anhydride. 
This  when  united  with  water  forms  nitrous  acid,  HNO2 : 

N203+HoO=2  HNOo. 

This  gives  rise  to  the  nitrites  in  combination. 
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NiOi,  Nitric  Anhydride. 
This  forms  with  water  nitric  acid,  HNO3  :  thus 

N206+H20=3HN03. 

HNO3,  Nitric  Acid. 

A  liquid,  colorless,  pungent,  with  a  very  acid  taste,  giving 
off  red  fumes  when  heated  ;  very  corrosive.  Stains  the  skin 
yellow,  forming  picric  acid. 

It  is  prepared  by  acting  on  sodium  nitrate  or  potassium  ni- 
trate with  sulphuric  acid  :  thus 

Na  NO3  or  KN03+H2S04=Na  or  K  HSO4+HNO3. 

Acts  upon  metals  thus 

(1)  6Ag+2HN03=3Ag20+N20,+HoO. 

Then  the  oxide  is  acted  upon  by  more  HNO3  :  thus  ' 

(3)  3Ag20+6HN03=6AgN03+3H,0, 

As,  Sb  and  Sn  are  only  oxidized  by  it.  Fuming  nitric  acid 
or  nitroso-nitric  acid  consists  of  nitric  acid  holding  iu  solution 
some  N2O3.    All  nitrates  are  soluble  in  water. 

CARBON— C. 

Occurrence. — Found  free  and  in  combination.  All  the  C 
now  existing,  except  in  the  shape  of  CO2,  owes  its  present  form 
to  the  action  of  animals  and  vegetables.  Free,  it  is  now  found 
as  the  diamond,  graphite  and  anthracite  naturally  and  artifi- 
cially in  charcoal,  lamp-black  and  gas-carbon. 

(1)  — Diamond.  This  is  pure  carbon,  probably  of  vegetable 
origin.  It  crystallizes  in  cubes  and  octahedra  and  is  very 
brilliant,  owing  to  its  high  index  of  refraction.  It  is  used  for 
rock-drills,  rock-saws,  cutting  glass,  ornaments,  etc. 

(2)  — Graphite,  also  called  plumbago  and  black-lead.  Pure 
carbon,  also  of  vegetable  origin.    Crystallizes  in  six-sided 
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plates.    Is  used  for  lead  pencils,  crucibles,  stove-polish,  and 
as  a  conductor  of  electricity  in  electrotyping. 

(3)  — Anthracite.  A  variety  of  coal  and  almost  pure  C.  It 
resvilts  from  the  luxuriant  vegetation  which  once  existed. 
This  was  then  subjected  to  an  enormous  pressure  and  to  a 
peculiar  fermentation,  by  which  the  O  and  other  elements 
have  been  driven  off.    Amorphous.    Used  for  fuel. 

(4)  — Charcoal.  This  is  of  two  varieties,  wood  and  animal. 
Both  are  amorphous.  Used  for  fuel  and  as  an  absorbent  of 
gases  and  coloring  matters  ;  also  as  a  disinfectant. 

(5)  — Lamp-black,    Besides  C,  this  contains  some  hydrocar- 
bons.   Amorphous.    Used  chiefly  in  printers'  ink. 

\6)— Gas-carbon.  This  is  deposited  on  the  sides  of  the  retort 
during  the  destructive  distillation  of  coal  in  the  manufacture 
of  coal-gas.  It  is  very  hard  and  amorphous.  Used  largely  in 
the  electric  light  and  in  galvanic  batteries.  * 

In  combination  C  occurs  in  the  form  of  CO2,  carbonates  and 
bicarbonates,  and  all  organic  substances,  whether  of  vegetable 
or  animal  origin. 

Properties— All  varieties  are  insoluble  and  infusible,  but 
freely  combustible,  burning  to  CO2  in  the  air.  All  but  the 
diamond  are  good  conductors  of  electricity. 

Compounds.— With  O. 
CO,  Carbon  Monoxide. 

A  gas,  not  occurring  native,  colorless,  with  a  slight  odor, 
very  poisonous.  Does  not  support  combustion,  but  is  combus- 
tible.   Slightly  soluble  in  water. 

Prepared  by  heating  oxalic  acid  with  sulphuric  acid  :  thus 

H2C204+H2S04  =  H2S04,  H2O+CO2+CO. 

The  CO2  is  then  removed  by  shaking  with  lime-water.  It  is 
also  made  in  the  manufacture  of  water-gas,  for  which  see  H, 
page  7. 
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CO2,  Carbon  Dioxide  or  Carbonic  Anhydride. 

A  gas,  colorless,  odorless,  with  slight  pungent  taste ;  fairly 
soluble  in  water,  neither  combustible  nor  supporting  combus- 
tion. 

It  occurs  free  in  the  air  and  in  many  waters  ;  it  is  formed 
during  fermentation,  respiration,  combustion,  decay  and  put- 
refaction. When  dissolved  in  water  it  is  supposed  to  form 
carbonic  acid,  H2CO3,  although  it  is  doubtful  if  there  is  any 
real  chemical  union.  The  carbonates  of  the  metals  are  numer- 
ous, important  and  abundant. 

It  is  prepared  by  acting  on  calcium  carbonate  with  sulphuric 
acid  :  thus 

Ca  C03+HoS04=Ca  SO.-^H^O+COa. 

Also  by  burning  any  of  the  forms  of  C  in  oxygen. 
In  Nature  it  is  upon  this  that  the  life  of  all  plants  depends. 
Commercially  it  is  only  used  in  making  soda-water. 

With  H. 

These  are  called  hydrocarbons  and  are  found  in  great  num- 
bers in  the  vegetable  kingdom.  The  only  ones  imjjortant  to 
study  in  this  connection  are  : 

CHi,  Methane  or  Marsh  Gas. 

A  gas,  colorless,  odorless,  tasteless.  Called  fire-damp  when 
occurring  in  coal  mines.  Is  combustible,  and  when  mixed 
with  sufficient  air  exiolodes  with  violence  on  ignition. 

Cs-tTi,  Ethene  or  Olefiant  Gas. 

A  gas,  colorless,  but  with  a  sweetish  taste.  Is  exj^losive. 
Prepared  by  acting  on  alcohol  with  sulphuric  acid  :  thus 

C2H50H+H2S04=H2S04,  H.O+CjH^. 

CiH^,  Acetylene. 

May  be  formed  by  the  direct  union  of  C  and  H  at  a  high 
temperature.  Colorless,  but  burns  with  a  bright  flame.  Has 
a  very  disagreeable  odor. 
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Coal  G^as.— (Consists  of  luminous  and  non-luminous  gases. 
The  luminous  are  C2H.2,  C2H4  and  other  higher  hydrocarbons. 
The  non-luminous  are  H,  CO,  CH4.  Among  the  impurities 
are  CO2,  N,  sulphuretted  hydrogen  and  other  sulphur  com- 
pounds. Ordinary  illuminating  flames  are  composed  of  three 
zones,  An  inner  non-luminous  zone  of  unburnt  volatile  gases 
composed  chiefly  of  C  and  H.  A  middle  zone  of  mcomplete 
combustion,  luminous  by  reason  of  incandescent  C.  An  outer 
non-luminous  zone  of  complete  combustion,  the  products  be- 
ing chiefly  CO2  and  1 12O.  The  middle  zone  of  course  is  the 
only  one  we  see. 

With  N. 

C'2iV2,  Cyanogen. 

A  gas,  colorless,  poisonous,  with  a  characteristic  odor.  Com- 
bustible, burning  with  a  pink  flame. 

HCN,  Hydro-cyanic  or  Prussic  Acid. 

A  liquid,  colorless,  volatile,  feebly  acid,  having  an  odor  of 
bitter  almonds.  It  is  very  poisonous.  Prepared  by  acting  on 
potassium  cyanide  with  dilute  sulphuric  acid  :  thus 

2KCN+H2SO4,  HoO=K2S04,  H2O+2HCN. 

The  officinal  Acidmn  Hydroeijanicum  Dilutum  contains  2 
per  cent,  by  weight  of  the  anhydrous  acid.  Scheele's  Prussic 
acid  contains  4  per  cent. 
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CHAPTER  11. 

CHLORINE— CL. 

History.— Discovered  in  1774  by  Scheele,  who  called  it 
dephlogisticated  marine-a,cid  gas,  as  he  obtained  it  from  hydro- 
chloric acid,  then  called  marine  acid. 

Properties.— A.  gas,  of  a  greenish-yellow  color,  with  a  pecu- 
liar, disagreeable  odor  ;  in  large  quantities  a  powerful  irritant. 
Bleaches  vegetable  colors  in  the  presence  of  water.  Is  a  pow- 
erful disinfectant  and  deodorizer. 

Occurrence.— -^^eyer  native.  Occurs  in  nature  chiefly  as 
sodium  chloride.  This  is  the  most  abundant  soluble  salt  found 
on  the  earth ;  it  is  largely  present  in  sea-water  and  in  most 
mineral  springs,  universally  distributed  through  the  air  and 
in  all  animals.    CI  is  also  found  in  the  form  of  other  chlorides. 

Preparation.— (1)  By  acting  with  hydrocloric  acid  on  man- 
ganese dioxide  :  thus 

MnO^-f  4HCl=MnCl.+2H,0+Cl..  ^ 

(2)  By  acting  with  sulphuric  acid  on  manganese  dioxide 
and  sodium  chloride  :  thus 

3NaCl+MnO.+2H.S04=Na,S04+MnS04+2H,0+Cl2. 

Uses.— Free,  as  a  bleaching  agent  and  a  disinfectant.  Many 
of  its  compounds  are  very  important. 

Compounds.— With  O. 

CI2O,  Chlorine  monoxide. 
ClaOa,       "  trioxide. 
CI2O4,       "  tetroxide. 

None  of  them  are  of  any  importance. 
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With  O  and  H. 

Acids  of  Chlorine— HCl,     hydrochloric  acid. 

HCIO,  liypochlorous  " 
HCIO2,  chlorous 
HCIO3,  cMoric 
HCIO4,  per  chloric 

The  important  ones  are  HCl,  HCIO,  HCIO3. 

HCl,  Hydrochloric  Acid. 

A  gas,  colorless,  pungent,  irrespirable.  Neither  combustible 
nor  supporting  combustion.  Used  commercially  in  solution 
in  water,  one  volume  of  which  takes  up  about  418  volumes  of 
the  gas  at  ordinary  temperature. 

Prepared  by  (1)  the  direct  union  of  H  and  CI  under  the  influ- 
ence of  sunlight :  thus 

H2+Cl2=2HCl. 
(2)   Acting  on  sodium  chloride  with  sulphuric  acid  :  thus 
2NaCl+H2S04=Na.S04+2HCl. 

HCIO,  Hypochlorous  Acid. 

This  is  of  importance  chiefly  on  account  of  its  salts,  which 
are  largely  used  as  bleaching  agents,  Javelle  water  is  a  solu- 
tion of  potassium  hypochlorite,  KCIO,  and  Labarraque's  solu- 
tion, which  is  the  officinal  Liquor  sodae  chloratae,  one  of 
sodium  hypochlorite.  The  officinal  Calx  chlorata,  commonly 
called  chloride  of  lime,  or  bleaching  powder,  has  the  formula 
Ca  CI2O.    This  is  best  represented  thus 

I  CIO 

This  makes  it  a  chemical  compound,  having  partly  the  charac- 
ters of  the  chloride,  partly  those  of  the  hypochlorite.  It  is 
largely  vised  as  a  bleaching  agent  and  as  a  disinfectant.  As  a 
deodorizer  it  simply  substitutes  its  own  odor,  which  has  no 
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antiseptic  properties  at  all  for  the  objectionable  odor.  It  'is 
very  unstable  and  must  be  kept  hermetically  sealed.  All 
these  act  by  giving  up  their  CI. 

HC10„  Chloric  Acid. 

A  liquid,  taking  fire  spontaneously  when  dropped  on  paper. 
All  of  its  comjjounds  with  the  metals  are  soluble.  Prepared 
by  acting  on  bariurii  chlorate  with  sulphuric  acid  :  thus 

Ba  (C103)-2+HoSO.,=BaSO  i+2HC103. 

BROMINE— Br. 

History. — Discovered  by  Balard  in  1836. 

Properties.  -A  liquid,  of  a  reddish-brown  color,  volatile, 
forming  a  vapor  which  is  pungent  and-  irrespirable  and  has  a 
characteristic  offensive  odor.  Not  very  soluble  in  water,  but 
freely  soluble  in  alcohol  and  ether.  Not  as  good  a  bleaching 
agent  as  CI.    Is  a  disinfectant  and  escharotic. 

Occurrence. — Never  native.  Is  found  in  sea  w^ater  and  many 
mineral  springs  in  the  form  of  various  bromides.  Chiefly 
obtained  from  the  residue  of  sea-water,  left  after  crystallizing 
out  sodium  chloride. 

Uses. — Very  little  as  a  bleaching  agent,  disinfectant  or 
escharotic.  Used  in  photography  in  the  form  of  silver  bro- 
mide, Ag  Br  ;  in  medicine  in  the  form  of  bromides  of  Na,  K, 
etc.  ;  and  in  the  manufacture  of  coal-tar  colors. 

Compounds. — Very  similar  to  those  of  chlorine,  but  less 
stable,  HBrOo,  bromous  acid,  corresponding  to  chlorous  acid, 
is  unknown,  but  the  other  acids  have  been  prepared, 

IODINE— I. 

History. — Discovered  by  Courtois  in  1812. 

Properties. — A  solid,  black  with  a  metallic  lustre.  Only 
slightly  soluble  in  water,  but  freely  soluble  in  alcohol,  ether, 
or  an  aqueous  solution  of  an  iodide  of  an  alkali  metal,  Vola- 
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tile,  with  a  characteristic  disagreeable  odor.  Upon  heating 
gives  off  beautiful  violet-colored  vapors.  It  is  a  counter- 
irritant. 

Preparation. — -Botli  I  and  Br  can  be  prepared  as  CI  is  by 
method  ^2),  substituting  j)otassium  iodide,  K  I,  or  sodium  bro- 
mide, Na  Br,  for  the  sodium  chloride. 

Occurrence. — Never  native.  Is  found  combined  with  metals 
in  sea-water  and  in  various  mineral  springs,  and  also  in  nitre 
beds.  Is  very  extensively  distributed,  but  usually  only  occurs 
in  very  minute  quantities.  Marine  plants  take  it  vip  from  the 
sea- water,  and  it  is  largely  obtained  from  their  ashes. 

ZJses.— Externally  it  is  used  in  medicine  as  a  counter-irri- 
tant. Internally  it  is  used  but  little  when  free,  but  in  its  com- 
pounds, very  extensively. 

Compounds. — Very  similar  to  those  of  CI  but  even  less  sta- 
ble than  those  of  Br.  Neither  HIO,  liydriodous  acid,  nor 
HIOo.  iodous  acid,  have  been  isolated. 

FLUORINE— F. 

Properties.-^HsiS  never  been  satisfactorily  isolated.  It  is 
probably  a  colored  gas.  It  is  peculiar  in  that  it  forms  no 
compound  with  O. 

Occurrence. — Never  native.  Is  extensively  distributed  in  its 
compounds,  especially  Ca  Fs,  calcium  fluoride  or  fluorspar. 
Occurs  in  traces  in  many  animals. 

Compounds. — With  H. 
H  F,  Hydrofluoric  Acid. 

A  gas,  colorless  and  powerfully  corrosive.  Dissolves  glass, 
forming  a  fluoride  of  silicon  with  the  silica  in  it  ;  thu  s 

Si02+4HF=2H20+SiF4. 

The  four  elements  just  described  constitute  a  group,  called 
the  Halogen  group,  from  the  Greek  hals,  sea-salt,  and  genos, 
makes.    They  are  so  called  because  they  form  a  natural  group 
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with  CI,  the  most  important  compound  of  which  is  sodium 
chloride,  common  salt.  They  have  many  resemblances  and 
certain  differences.  F  in  most  of  its  characters  differs  con- 
siderably from  the  other  three.  These  three  are  all  colored, 
they  form  many  compounds  very  similarly,  all  their  metallic 
compounds  which  crystallize  form  cubes.  CI  is  a  gas,  Br  a 
liquid,  I  a  solid.  The  atomic  weight  of  Br,  80,  is  nearly  the 
mean  of  those  of  CI,  35.5  and  I,  127.  CI  is  freely  soluble  in 
water,  Br  fairly,  and  I  feebly.  In  the  order  of  the  chemical 
strength  they  are  arranged  thus  :  CI,  Br,  I,  F— i.  e.,  each  in  this 
arrangement  will  displace  from  their  compounds  the  subse- 
quent ones,  but  F  attacks  many  metals  directly  with  which  the 
others  only  combine  indirectly. 
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CHAPTER  III. 
SULPHUR— S. 

Properties. — A  solid,  of  a  yellow  color,  dimorphous,  with 
several  amorphous  modifications.  These  modifications  may 
be  divided  into  two  classes  ;  A — those  sokible  in  carbon 
disulphide,  and  B — those  insoluble  in  that. 

A — (1) — Yellow  opaque  rhombic  octahedra  of  nature. 

(3)  Long  transparent  needle-sliaped  prisms.  These  return 
to  the  rhombic  octahedra  after  a  few  day's  exposure. 

(3)  The  variety  of  lac  sulphuris  prepared  by  acting  on 
alkaline  polysulphides  with  a  mineral  acid. 

B— (1)  A  tenacious  amorphous  mass,  obtained  by  pouring  S 
heated  to  230*'  C,  into  cold  water. 

(2)  Another  kind  of  lac  sulphuris  prepared  by  acting  on  a 
thiosulphate  with  a  dilute  mineral  acid. 

There  are  several  other  modifications  of  which  but  little  is 
known. 

All  the  varieties  are  combustible  and  volatile.  S  in  many 
of  its  chemical  properties  resembles  O  quite  closely. 

Occurrence. — Is  found  native  in  volcanic  regions  from  which 
it  is  chiefly  obtained.  Is  also  found  in  many  ores  in  combi- 
nation with  various  metals  as  sulphides  and  sulphates.  Is  also 
found  in  many  mineral  springs,  both  free  and  as  sulphides,  sul- 
phates and  even  sulphuric  acid.  Is  found  in  many  organic 
bodies,  in  all  plants  and  animals. 

Preparation. — Nearly  all  is  prepared  from  native  S  by  dis- 
tillation ;  a  little  from  Fe  Sa,  iron  pyrites. 

COLPOUNDS. — With  H. 

H2  S,  Hydrosulphuric  Acid — also  called  hydrogen  sulphide 
or  sulphuretted  hydrogen.  A  gas,  colorless,  with  a  character- 
istic odor  of  rotten  eggs  ;  fairly  soluble  in  water.  Produced  in 
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nature  during  the  putrefactive  decomposition  of  all  organic 
bodies  containing  S.    Also  found  in  many  mineral  springs. 

Prepared  by  acting  on  iron  sulphide  with  dilute  sulphuric 
acid,  thus : 

Fe  S+H.  SO4,      0=H2  S+Fe  SO4,  H^O. 

It  is  used  in  the  laboratory  largely  as  a  reagent  in  the  sepa- 
ration of  the  metals. 

With  O. 

8  0-2,  Sulphur  Dioxide  or  Sulphurous  Anhydride. — This  is 
usually  prepared  by  burning  S  in  the  air.  It  is  a  gas,  colorless, 
irrespirable,  with  a  characteristic  suffocating  odor ;  easily 
liquefied  and  then  is  iised  for  making  artificial  ice.  It  is  the 
most  practicable  and  easily  managed  disinfectant.  For  this 
purpose  it  is  usually  prepared  by  burning  S  in  an  iron  pot  set 
in  a  tub  of  water  in  the  room  to  be  disinfected.  It  is  power- 
ful enough  for  all  practicable  purposes.  It  is  also  used  con- 
siderably as  a  bleaching  agent  for  vegetable  colors.  It 
bleaches  in  a  different  manner  from  CI,  for  that  takes  ^^p  H 
and  liberates  O,  while  SO2  takes  O  and  liberates  H. 

When  dissolved  in  water  it  forms  sulphurous  acid. 

80-i,  Sulphur  Trioxide  or  Sulphuric  Anhydride— This  in  it- 
self is  of  little  importance,  but  when  united  with  water  forms 
sulphuric  acid. 

With  O  and  H. 

Acids  of  S— Ho  SO2,  Hyposulphurous  acid. 
Ho  SO3,  Sulphurous  acid. 
H2  SO4,  Sulphuric  acid. 

H2  S2  O3,  Thiosulphuric  acid, 
H2  S2  O7,  Pyrosulphuric  acid. 

H2  S2  Oe,  Dithionic  acid. 
H2  S3  Oo,  Trithionic  acid. 
H2  S4  Oo,  Tetrathionic  acid. 
H2  S5  Or,,  Pentathionic  acid. 


SULPHUR. 


21 


The  only  ones  of  importance  are  sulphuric,  thiosulphuric 
and  pyrosulphuric. 

Hi  SOi,  Sulphuric  Acid. 

This  occurs  in  nature  uncombined  in  a  few  mineral  springs, 
but  chiefly  in  combination  with  the  metals  as  sulphates. 

It  id  a  liquid,  heavy,  its  specific  gravity  being  about  1.85  ; 
volatile,  very  hygroscopic  and  when  mixed  with  water,  evolv- 
ing considerable  heat.  It  readily  attacks  organic  matter, 
blackening  them.  It  is  one  of  the  most  powerftil  acids 
known,  being  able  to  displace  nearly  all  the  other  acids  from 
their  compounds,  especially  when  aided  by  heat.  Most  sul- 
phates are  soluble  in  water  but  barium  sulphate,  Ba  SO4,  is 
very  insoluble. 

It  is  prepared  in  the  following  way  :  At  one  end  of  a  long, 
low  leaden  chaniber,  S  or  iron  pyrites.  Fe  S2,  is  burnt.  Eitlier 
of  these  when  burnt  forms  SO2  which  passes  into  the  chamber 
in  the  form  of  a  vapor.  At  the  same  time  a  certain  amount  of 
potassura  nitrate.  KNO3,  is  burnt  and  from  this  the  gas,  N-j  Oa, 
is  obtained  which  is  also  passed  into  the  chamber.  There  it 
meets  the  SO.2  and  gives  up  to  that  one  of  its  atoms  of  O,  mak- 
ing the  SO2  into  SO3,  and  reducing  itself  to  N2O0.  This  N2O2 
immediately  takes  up  another  atom  of  O  from  the  air  pres- 
ent in  the  chamber,  forming  N2  O3  again,  which  again  gives  up 
its  extra  atom  of  O  to  more  SO2.  In  that  way  a  little  N2O3  will 
make  the  transfer  of  O  to  a  large  amount  of  S  O2.  Jets  of 
steam  are  constantly  blowing  into  the  chamber  and  the  H2O 
in  this  meets  with  the  feOs  and  forms  H2  SO 4  which  falls  to  the 
floor.  This  chamber  acid,  as  it  is  called,  is  continually  drawn 
off.  It  is  condensed  in  platinum  pans  and  then  is  called  pan 
acid.  This  constitutes  the  commercial  sulphuric  acid  or  oil  of 
vitriol.  To  get  the  chemically  pure  acid  it  is  still  further  con- 
centrated in  glass  vessels. 

H^SiOs,  ThiosulpTiuric  Acid.—Thi^  was  formerly  called  hypo- 
sulphurous  and  its  salts  are  still  commonly  known  as  hyposul- 
phites.   The  graphic  formula  has  a  peculiarity  showing  the 
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relationship  between  O  and  S.  In  it  an  atom  of  S  replaces 
the  usual  atom  of  O  in  one  of  the  hydroxyl  groups.  [See  Grap- 
hic Formulce  under  the  head  of  Acids.]  The  acid  itself  has 
never  been  isolated,  but  its  alkaline  salts  are  of  great  impor- 
tance in  photography,  as  they  have  the  property  of  dissolving 
out  the  silver-salts  which  have  not  been  acted  upon  by  the 
light  and  precipitated. 

H'iSiOi,  Pyrosulpliuric  Acid. — This  was  formerly  called  Nord- 
hausen  or  fuming  sulphuric  acid.  It  is  largely  used  f®r  dissolv- 
ing indigo  and  in  the  preparation  of  artificial  vegetable  colors. 

With  C. 

CSo,  Carhon  Bisulphide. — A  liquid,  volatile,  heavy,  color- 
less, having  a  repulsive  odor,  which,  however,  may  be  due  to 
impurities.    It  is  very  inflammable  and  its  vapor  forms  an 
explosive  mixture  with  O.    Used  largely  as  a  solvent  of  S, 
gutta-percha,  caoutchouc,  etc. 

SELENIUM— SE. 

AND 

TELLURIUM— TE. 

These  are  unimportant  elements  very  closely  related  to  S 
and  often  f ound  associated  with  it.  They  form  acids  similar 
to  sulphuric  and  sulphurous.  Te  in  many  respects  resembles  the 
metals  and  seems  to  be  on  the  border  line  between  them  and 
the  non-metals.  They  occur  only  in  small  quantities  and  are 
of  very  little  practical  value. 

SILICON— SI. 

Properties. — A  solid,  existing  in  three  different  modifica- 
tions, one  amorphous  and  two  crystalline,  in  this  respect 
resembling  C.  They  are  all  insoluble  and  are  only  attacked 
by  one  acid,  hydrofluoric,  which  converts  Si  into  SiF4,  a  gas. 

Occurrence. — Next  to  O,  it  is  the  most  abundant  element  in 
nature.    Never  native.    It  is  found  combined  with  O  as  silica 
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in  quartz,  sand,  flint  and  many  minerals.    All  clays  are  sili- 
cates of  Al  and  many  other  silicates  are  found. 

Compounds. — With  O. 

SiOi,  Silicon  dioxide  or  Silica.— A  solid,  tasteless,  odorless, 
soluble  in  water  only  when  freshly  prepared,  attacked  by  no 
acids  but  hj  drofluoric,  almost  infusible.  Found  in  all  granitic 
rocks,  w'hich  are  composed  of  quartz,  felspar  and  mica.  Quartz 
is  almost  pure  silica  and  so  are  sand  and  agates,  the  latter  be- 
ing a  colloidal  form  which  is  deposited  from  silicious  water  in 
cavities  in  the  rocks.  This  silicious  water  is  the  chief  agent 
in  petrifaction.  It  forms  the  skeleton  of  some  invertebrate 
animals,  such  as  diatoms  and  sponges.  It  also  gives  stiffness 
to  the  stems  of  plants.  Hydrated  it  forms  the  opal.  When 
freshly  prepared  and  combined  with  water  it  forms 

H^SiOs,  Silicic  .Acid.— This  is  quite  unstable  and  does  not 
keep  well,  decomposing  into  water  and  and  silica.  It  forms 
silicates,  of  wdiich  the  most  important  are  : 

(1)  Glass  ;  silicates  of  K,  Na,  Pb,  Ca,  one  or  more,  with  an 
excess  of  Si  present. 

(2)  Soluble  glass ;  silicate  of  K  or  Na,  with  an  excess  of 
base  present. 

(3)  Clay  and  felspar  ;  both  silicates  of  Al,  the  latter  also 
containing  K. 

PHOSPHORUS— P. 

Pi^operties. — A  solid  occwring  in  two  modifications. 

(1)  Yellow  .phosphorus,  soft  and  flexible,  insoluble  in 
water,  but  soluble  in  oils,  naptha  and  carbon  disulphide.  Poi- 
sonous, volatile  and  very  inflammable,  being  set  on  fire  occa- 
sionally by  the  temperature  of  the  body.  Fusible,  and  lumin- 
ous in  the  dark.    Combines  with  O  at  ordinary  temperatures. 

(2)  Red  or  amorphous  phosphorus.  Opaque,  insoluble  in 
carbon  disulphide,  infusible,  non-luminous,  and  having  no 
tendency  to  combine  wdth  O.    At  a  temperature  of  260''  C,  it 


24 


PHOSPHOROUS. 


is  reconverted  into  ordinary  P,  and  then  behaves  like  that. 
It  is  not  poisonous. 

Tidy  mentions  two  other  modificatiuns,  a  white  opaque 
variety  and  a  black  variety.    Neither  are  of  importance. 

i/istory.— Discovered  in  the  urine  by  Brandt  in  1669. 

Preparation.— From  powdered  calcined  bones  by  the  fol- 
lowing steps  : 

(a)    Add  sulphuric  acid  ;  thus 

Ca,,(P04)2+2H.,S04=2CaSO,+CaH.,(P04)2. 

ip)  This  is  then  filtered,  removing  the  calcium  sulphate, 
dried  and  distilled  with  powdered  charcoal ;  thus 

3CaH4(PO4).,+10C=Ca3(PO,)2+6HoO+10CO+4P. 

Occurrence.— Vei-j  widely  diffused,  occurring  in  all  rocks, 
plants,  animals  and  vegeiables,  but  always  oxidized.  Its 
chief  source  at  present  is  the  mineral  apatite,  which  is  an  im- 
pure tricalcic  orthophosphate,  Ca3(P04)2,  contaminated  with 
calcium  fluoride  and  caicium  chloride.  It  is  not  certain  how 
this  is  formed,  but  possibly  from  animal  and  vegetable  remains. 
In  plants  and  animals,  P  exists  chiefly  in  the  form  of  this 
tricalcic  orthophosphate.  Lecithin  is  an  orthophosphate  of 
an  organic  base. 

Uses. — Pree,  in  the  manufacture  of  matches  ;  combined,  in 
many  ways. 

Compounds. — With  H. 

Pi?3,  Pliosphorus  Trihydride  or  PJiosphoretted  Hydrogen. 
—A  gas,  inflammable,  colorless,  with  a  marked  alliaceous 
odor.  Resembles  in  many  of  its  chemical  properties  ammonia, 
but  is  a  much  weaker  alkali. 

P  forms  several  other  compounds  with  H,  but  they  are  of  no 
importance. 

With  O. 

P3O3,  Phosphorus  Trioxide  -or  Phosphorous  Anhydride. — 
A  powder,  volatile,  white.    Formed  by  the  slow  combiistion 
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of  P  in  a  limited  amount  of  air.  When  combined  with  water 
it  forms  phosphorous  acid. 

PoOs,,  Phosphorus  Pentoxide  or  Phosphoric  Anhydride. — 
A  soft,  white  powder,  very  deliquescent.  Formed  by  rapid 
combustion  of  P  in  an  excess  of  air. 

With  O  and  H. 

Acids  of  P— H3PO-2,  Hypophosphorous  acid. 

H3PO3,  Phosphorous  " 
HsPOi,  Ortho  phosphoric  '' 
H  PO3,  Meta-phosphoric  •' 
HjPoOt,  Pyro-phosphoric 

The  important  ones  are  the  last  three,  which  are  all  derived 
from  phosphoric  anhydride  ;  thus 

(1)  P20r,+H20=2HP03,  meta-i  hosphoric  acid. 

(2)  PoOs+SH^O^HiPaO,,  pyro  phosphoric  acid. 

(3)  P.205-f3H.20=2H3P04,  ortho-phosphoric  acid. 

The  ortho-acid  is  the  most  important,  and  when  the  term 
phosphoric  acid  is  used  that  is  the  one  usually  referred  to.  It 
is  a  liquid,  the  other  two  being  solid.  The  meta-acid  is  known 
in  the  Pharmacopeia  as  glacial  phosphoric  acid. 

BORON— B. 

Important  only  in  iis  combinations.  Never  native.  Occurs 
as  boracic  acid,  H3BO3,  in  lakes  in  Tuscany,  and  as  borax, 
sodium  biborate,  NasBjOv,  in  lakes  in  California  and  Th  bet. 
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WATER. 


Occurrence.— In  the  liquid  form  it  occurs  in  the  ocean,  seas^ 
lakes,  rivers,  rain,  etc.,  and  is  also  disseminated  throughout 
the  earth's  crust.  In  the  solid  state,  it  occurs  as  snow,  ice, 
glacier,  etc.  In  the  state  of  vapor  it  occurs  as  clouds,  fog, 
mist,  etc.,  and  is  always  present  in  the  atmosphere.  It  occurs 
as  water  of  crystallization  in  many  minerals.  It  occurs  in  all 
plants  and  in  all  animals,  constituting  about  three-fourths  of 
an  average  man's  weight. 

History.— In  1781  Cavendish  and  Watts  proved  its  composi- 
tion by  synthesis.  In  1805  Humboldt  and  Gay-Lussac  deter- 
mined the  ratio  of  its  constituents. 

Formation.— Formed  whenever  H  or  combustible  bodies  con- 
taining H  are  burnt  in  O,  atmospheric  air,  or  any  substance 
capable  of  supplying  O.  This  combustion  may  be  rapid  or 
slow,  in  the  air  or  in  animals  or  elsewhere. 
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C— Mineral— (1)  Sulphur 

(2)  Saline 

(3)  Acidulous 

(4)  Chalybeate 

(5)  Alkaline 

(6)  Acid 

(7)  Alum 

(8)  Silicious 

(9)  Borax 

ATMOSPHERIC  WATERS. 

Constituents. — Even  rain-water  is  not  pure.    It  contains  : 
(1) — Solid  particles  of  dust. 

(3) — Germs  of  animals  and  plants,  including  bacteria. 

(3)  — O,  N,  carbon  dioxide  and  ammonia,  from  the  atmosphere, 

of  which  they  are  constant  components. 

(4)  — Nitric  and  nitrous  acids  are  commonly  present,  chiefly  in 

combination  with  ammonia. 

(5)  — Organic  substance  in  small  amount. 

(6)  — Sulplmric  acid  is  nearly  always  present  in  rain  falling  in 

towns.  It  comes  from  sulphur  compounds,  the  products 
of  the  combustion  of  coal. 

(7)  — Sometimes  a  very  small  amount  of  hydrochloric  acid, 

sodium  chloride,  calcium  chloride  and  other  saline  sub- 
stances. 

(8)  — Traces  of  ozone  and  hydrogen  jjeroxide. 

SPRING-WATER. 

Constituents. — Always  impure.  It  contains  the  soluble 
materials  of  the  soil  and  these  depend  ui^on  the  nature  of  the 
soil  through  which  it  passes.  AVhen  the  soil  is  scanty  and  the 
rocks  granitic,  spring-water  is  very  nearly  pure.  In  other 
regions,  especially  in  lime  stone  countries,  it  is  heavily  charged 
with  salines.  It  is  generally  very  clear,  sparkling  and  cool, 
and  on  account  of  these  properties  very  potable.    It  contains  : 

(1)  — Chlorides,  sulphates  and  bicarbonates  of  K,  Na,  Ca  and  Mg. 

(2)  — Almost  invariably  silica  in  small  amounts. 

(3)  — Usually  Al  and  Fe  in  traces. 
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(4)  — O,  N,  ozone  and  hydrogen  peroxide  in  solution  derived 

from  the  atmosphere  through  which  it  first  passed. 
More  O  than  N  is  dissolved  proportionately.  One  hun- 
dred volumes  of  the  air  obtained  from  water  consist  of 
thirty-five  of  O  and  sixty-five  of  N. 

(5)  — Organic  matters  of  various  kinds,  derived  from  the  decom- 

position of  plants  and  animals,  chiefly  the  former.  These 
may  be  nitrogenous  or  non-nitrogenous. 

(6)  — Bacteria  and  their  germs,  usually  harmless. 

Hardness  is  more  apt  to  occur  in  spring-waters  than  others 
and  is  due  to  the  lime-salts  chiefly,  but  to  some  extent  to  Mg 
and  Fe,  found  in  these  waters.  The  term  is  used  because 
these  elements  form  insoluble  compounds  with  soaps  and  in 
'that  way  prevent  the  formation  of  a  lather  until  they  are 
entirely  precipitated.  The  hardness  is  called  temporary  when 
due  to  the  bicarbonates,  for  by  boiling  these  are  converted  into 
carbonates  which  precipitate.  Permanent  hardness  is  due  to 
the  sulphates,  for  these  are  not  affected  by  boiling.  The  tem- 
porary hardness  can  be  removed  as  regards  boiler-incrusta- 
tions by  the  addition  of  ammonium  chloride,  for  that  converts 
the  bicarbonates  into  freely  soluble  chlorides,  which  are  not 
precipitated  on  boiling.  They  can  also  be  prevented  from 
forming  boiler-incrustations  by  the  addition  of  stai-chy  or  sac- 
charine bodies  or  some  substance  like  saw-dust,  around  which 
they  can  collect.  Temporary  hardness  may  also  be  removed 
by  the  addition  of  lime,  CaO,  for  this  reduces  the  bicarbonate 
to  the  carbonate  which  precipitates  :  thus 

CaH,(CO:,)2+CaO=:2CaC03-f-HaO. 

This  is  called  Clark's  jarocess. 

GROUND-WATER. 

This  is  the  water  which  is  contained  in  the  soil  down  to  the 
level  of  the  uppermost  impervious  stratum.  It  consists  of 
surface-drainage,  and  for  the  constituents  of  it  see  under 
"  Well-water." 
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WELL-WATER. 

Ordinary  open  wells  are  supplied  partly  by  springs  and 
partly  by  surface-drainage.  The  constituents  which  it  receives 
from  the  former  are  those  naturally  present  in  all  sweet  waters 
and  are  given  under  "Spring-water."  From  the  latter  source 
it  receives : 

(1)  — Sodium  chloride.    This  is  much  increased  from  the  drain- 

age of  house-refuse. 

(2)  — AmQionia,  nitrates  and  nitrites.    Are  generally  present, 

owing  to  the  decomposition  of  organic  matter.  They 
are  harmless  in  themselves,  but  may  be  indicative  of 
their  source  from  animals. 

(3)  — Filtered  sewage-oiatters  from  the  proximity  of  cess-pools 

and  privies. 

(4)  — When  near  grave-yards  it  is  often  impregnated  with  ani- 

mal matter  from  recently  filled  graves, 
(o) — At  times  noxious  bacteria. 

Driven  wells  are  also  partly  supplied  by  surface  drainage 
and  nearly  to  the  same  extent  as  open  wells.  Deep  artesian 
w^ells  which  bring  water  from  deep-lying  strata  supplied  irom 
a  distance  are  usuall  free  from  all  the  organic  impurities  of 
well  w^ater,  though  they  may  contain  so  much  mineral  matter 
as  to  render  them  mifit  for  ordinary  purposes.  They  are  ser- 
viceable when  there  is  a  bed  of  sand  or  something  permeable 
to  water  encased  between  two  layers  of  clay  or  rock  impervi- 
ous to  water.  The  slope  of  the  layers  must  be  such  that 
the  place  where  the  artesian  well  is,  which  goes  down  into  the 
pervious  stratum,  must  be  lower  than  the  point  where  the  water 
is  first  collected  in  the  soil.  They  are  not  successful  in  New 
York  City,  as  the  strata  do  not  have  that  direction,  but  are 
almost  vertical. 

POND,  LAKE  AND  RIVER  WATERS. 

These  are  generally  purer  than  spring-water.  Rivers  are 
more  likely  to  be  charged  with  suspended  impurities,  ibut 
when  the  water  flows  into  lakes,  the  sediment  subsides  and  it 
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becomes  clear.  Rivers  flowing  through  populous  districts 
often  become  contaminated  with  sewage  to  such  an  extent  as 
to  make  them  positively  offensive  and  dangerous  to  those  who 
drink  the  water.  These  animal  matters,  however,  soon  become 
oxidized,  and  thus  rendered  harmless,  by  the  O  held  in  solu- 
tion and  by  the  action  of  the  vegetable  organisms  present, 
including  bacteria.  This  action  renders  the  water  pure  within 
10  to  12  miles  of  the  source  of  contamination  if  the  river  is  of 
any  size.  This  is  true  of  all  waters  that  are  exposed  to  the 
air,  but  especially  of  those  that  are  in  motion.* 

SALT  WATER. 

The  water  of  the  ocean  contains  considerable  sodium  chlo- 
ride and  magnesium  chloride,  some  potassium  sulphate,  cal- 
cium sulphate,  magnesium  sulphate,  sodium  bromide  and  traces 
of  anumber  of  other  elements.  The  total  amounts  to  2,138  grains 
per  gallon,  of  which  about  four-fifths  is  sodium  chloride.  Tlie 
Dead  Sea  contains  about  six  times  as  much  mineral  matter  to 
the  gallon,  and  the  Great  Salt  Lake  about  seven  times  as 
much.  Both  of  them  contain  a  number  of  salts,  not  found  in 
the  ocean,  and  due  to  the  peculiar  nature  of  the  soil  drained 
by  them. 

•  MINERAL  WATERS. 

These  are  natural  waters  which  contain  unusually  large 
quantities  of  some  of  the  ordinary  impurities  or  are  character- 


*  This  action  is  much  disputed  by  excellent  authorities,  who  maintain 
that  while  it  oxidizes  the  dead  organic  matter,  it  has  no  effect  but  that  of 
dilution  on  the  living  bacteria,  especially  those  of  typhoid  fever.  The 
Committee  of  the  American  Public  Health  Association  on  Water  Supply 
endorse  the  opinion  of  the  English  sanitary  authorities,  viz. :  "  Of  all  the 
processes  which  have  been  proposed  for  the  purification  of  water  or  of 
water  polluted  by  excrementitious  matters,  there  is  not  one  which  is  suifl- 
ciently  effective  to  warrant  the  use,  for  dietetic  purposes,  of  water  which 
has  been  so  contaminated.  In  our  own  opinion,  therefore,  rivers  which 
have  received  sewage,  even  if  that  sewage  has  been  purified  before  its  dis. 
charge,  are  not  safe  sources  of  potable  water." 
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ized  by  unusual  constituents.    They  may  be  divided  into  nine 
classes,  as  follows  : 

(1)  — Sulphur;  contains  sulphuretted  hydrogen  and  the  metallic 

sulphides  which  give  the  water  its  characteristic 
taste  and  smell.  In  addition  they  usually  contain  sul- 
phates, carbonates,  chlorides  and  sometimes  free  S. 
Examples  are  Harrowgate  of  Eng.,  White  Sulphur  of 
Va. 

(2)  — Saline  ;  those  having  a  salty  taste  ;  of  three  classes. 

1 —  Brines,  containing  sodium  chloride,  as  at  Syracuse, 
N.  Y. 

2 —  Bitter  waters  containing  magnesium  and  calcium 
chlorides,  as  St.  Catherine's  Well,  Canada. 

3—  Purgative  waters,  containing  magnesium  sulphate 
or  sodium  sulphate,  as  Epsom  or  Kissingen. 

(3)  — Acidulous  ;  those  containing  free  carbonic  acid  in  such 

quantities  as  to  cause  effervescence.  They  generally 
contain  also  sodium  chloride  and  bi-carbonatcs  of  Na, 
K,  Mg,  Ca,  and  Fe  besides  small  amounts  of  other  salts. 
Examples  are  Apollinaris,  Seltzer,  etc. 

(4)  — Chalybeate;  those  containing  sufficient  iron  to  give  them 

medicinal  value  on  account  of  it.    It  is  usually  in  the 
form  of  the  bi-carbonate  or  the  sulphate.    Almost  all 
acidulous  waters  contain  a  little  Fe.    Examples  ari!^ 
Sweet  Chalybeate  Spring,  Va. ;  Cooper's  Well,  Miss. 

(5)  — Allcaline ;  these  are  not  alkaline  in  the  fresh  state,  but 

after  boiling,  owing  to  the  bi-carbonates  being  converted 
into  carbonates.  Besides  these  they  usually  contain  so- 
dium chloride  and  traces  of  other  salts.  They  are 
usually  acidulous  too.  Examples  are  the  Saratoga 
waters  and  the  Vichy  waters. 

(6)  — Acid  ;  those  containing  free  mineral  acids,  such  as  hydro- 

chloric or  sulphuric.  Rio  Vinaigre,  in  South  America, 
contains  both.  Oak  Orchard  Spring,  N.  Y.,  contains 
free  sulphuric  acid. 

(7)  — Alum;  those  containing  alum.     In  addition  they  fre- 

quently contain  free  sulphuric  acid  and  Fe  in  combina- 
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tion.  Examples  are  Rockbridge  Alum  Spring  and 
Church  Hill  Alum  Spring,  both  in  Va. 

i8)—SiUcious ;  those  containing  a  decided  amount  of  silica. 
They  are  usually  hot  springs  and  contain  the  alkaline 
carbonates.  The  silica  is  often  deposited  around  the 
sj)ring  in  the  form  of  tufa,  as  the  water  cools.  Exam- 
ples are  the  Geysers  in  Iceland  and  California. 

{^)— Borax ;  those  containing  sufficient  borax  to  make  it  profit- 
able to  extract  it  Examples  ;ire  certain  lakes  in  Thibet 
and  Cal, 

Many  mineral  waters  also  contain  As  and  some  in  sufficient 
quantities  to  render  them  of  medicinal  value  on  account  of  it. 
Artificial  mineral  waters  if  well  made  are  about  as  good  as 
natural.  Comparatively  pure  spring  waters  are  often  fraudu- 
lently advertised  and  sold  as  mineral  waters.  Among  these 
are  the  so-called  magnetic  springs.  These  consist  of  a  long 
iron  pipe  driven  into  the  earth  and  furnishing  water.  The 
pipe  under  the  action  of  the  earth's  magnetism  after  a  time 
becomes  magnetic.    It  communicates  no  virtues  to  the  water. 

SOURCES  AND  EFFECTS  OF  IMPURITIES  IN  WATER. 

Mineral  Impurities. — These  are  derived  from  the  soil. 
•About  ten  or  twenty  grains  per  gallon  of  the  salts  of  Mg  and  Ca 
are  necessary  for  the  best  interests  of  health.  When  more 
than  this  is  present,  however,  tliey  are  liable  to  cause  dyspepsia, 
goitre  and  cretinism. 

Organic  Matter.— This  may  be  derived  from  vegetation 
growing  on  and  within  the  soil.  If  so,  it  is  harmless  and  un- 
objectionable, even  though  it  gives,  a  yellow  appearance  to 
the  water.  It  may  be  derived  from  the  decomposition  of  ani- 
mal matter  and  in  that  case  it  may  come  from  cess-pools, 
privies,  manure-heaps,  barn-yards,  grave-yards,  bodies  lying 
on  the  surface  of  the  ground  or  in  the  water,  defective  and 
leaky  drains,  etc.  It  may  be  highly  dangerous  even  when 
present  in  minute  quantities  from  the  bacteria  which  it  may 
represent.    If  due  to  animal  decomposition  it  is  accompanied 
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by  the  presence  of  nitrates,  nitrites,  ammonia  and  usually  a 
considerable  amount  of  sodium  chloride,  but  it  is  not  noxious 
on  account  of  these.  It  has  caused  dysentery,  diarrhoea^ 
typhoid  fever  and  cholera  through  the  pathogenic  bacteria 
which  it  may  contain. 

Refuse  of  Factories. — This  is  unimportant  if  it  runs  into  a 
flowing  stream.  The  poisonous  salts  often  neutralize  each 
other  and  are  so  raj)idly  diluted  that  they  become  innocuous. 

Metallic  Impregnations. — These  are  derived  from  pipes  and 
tanks.  Copper  has  been  occasionally  detected  in  the  water 
and  known  to  give  rise  to  sickness.  The  most  common  metal 
found  in  water  is  lead  which  causes  chronic  plumbism.  One- 
hundredth  grain  of  Pb  per  gal.  has  been  known  to  produce 
plumbism  if  taken  habitually.  If  the  water  contains  free  O 
or  free  carbonic  acid  or  nitrates,  it  will  dissolve  considerable 
Pb,  owing  to  the  formation  of  the  hydrate,  bi-carbonate  or 
nitrate.  If,  however,  it  contains  sulphates,  these  soon  form  an 
insoluble  film  of  lead  sulphate  which  j)revents  further  action. 
Water  which  has  been  allowed  to  stay  over  night  in  the  jaipes 
should  never  be  used  for  drinking  purposes.  Tin-lined  lead  pipes 
should  always  be  used  in  preference  to  plain  lead.  They  have 
all  the  advantages  of  the  lead-pipes  and  no  disadvantages. 

DETECTION  OF  IMPURITIES  IN  WATER.  •» 

(1)  — Notice  the  taste,  odor,  reaction,  turbidity  and  color.  Pure 

water  should  be  negative  in  all  these  respects. 

(2)  — Dissolved  Solids. — Evaporate  a  given  amount  of  the  fil- 

tered water,  dry  the  residue  and  weigh. 

{S)^Organic  and  Volatile  Matters. — Expose  the  residue  thus 
obtained  to  the  flame  of  a  Bunsen  burner.  If  organic 
matter  is  present,  it  will  turn  brown  or  black.  All  or- 
ganic and  volatile  matters  are  dissipated.  Their  weight 
can  be  determined  by  subtracting  the  weight  of  the 
residue  left  from  the  weight  of  the  residue  left  in  (2). 

(4) — Hardness. — This  is  determined  by  Clark's  test.  This  con- 
sists in  using  a  standard  solution  of  soaj)  to  make  a 


34 


WATER. 


lather  with  the  water.  The  solution  is  added  slowly  to 
the  water  in  a  bottle,  and  each  time  the  bottle  is  well 
shaken  until  finally  a  lather  is  made  which  will  remain 
for  five  minutes.  The  soap  solution  is  first  standardized 
by  means  of  a  known  solution  of  calcium  chloride. 

(5) — Chlorine.— Bj  means  of  silver  nitrate,  Ag  NO3.  A  known 
solution  is  put,  droj)  by  drop,  into  the  suspected  water 
in  which  a  few  grains  of  potassium  chromate  have  been 
dissolved.  When  all  the  chlorides  have  been  precipi- 
tated as  silver  chloride,  the  silver  nitrate  strikes  with  the 
potassum  chromate  a  permanent  red  color.  The  silver 
chloride  is  a  heavy  white  powder,  insoluble  in  nitric 
acid  but  soluble  in  ammonium  hydrate,  and  blackening 
on  exposure  to  light.  These  characters  are  sufficient  to 
distinguish  it  from  the  other  two  white  chlorides  which 
are  also  insoluble  in  water,  those  of  Pb  and  Hg. 

{QySulphuric  Acid. — Acidulate  with  hydrochloric  acid,  heat 
and  add  barium  chloride,  Ba  Olo.  It  forms  a  dense  white 
precipate  of  barium  sulphate,  Ba  SO4. 

(7)  — Nitrous  Acid. — Add  sodium  sulfanilate  and  sulphuric  acid. 

Then  the  addition  of  naphthylamine  sulphate  will  de- 
velop a  pink  color. 

(8)  — Nitric  Acid. — Both  this  and  nitrous  acid  are  reduced  to 

the  form  of  ammonia  by  means  of  Zn  coated  with  Cu. 
This  really  constitues  an  electric  couple.  The  amount 
of  ammonia  is  then  determined  by  Nesslerizing,  (see  (9) ). 
From  this  is  subtracted  the  amount  of  free  ammonia  as 
determined  by  (9)  and  also  the  amount  due  to  the  ni- 
trous acid  as  determined  by  (7).  The  remainder  is  that 
due  to  the  nitric  acid. 

(9)  — Ammonia. — By  the  Nessler  re-agent,  which  is  a  solution  > 

of  potassium  iodide,  KI,  and  mercuric  chloride,  Hg  Clo, 
in  an  excess  of  liquor  potassae.  This  re-agent  strikes 
with  ammonia  a  color,  varying  from  a  yellowish  to  a 
deep-brown  tint,  according  to  the  amount  of  ammonia 
present.  The  amount  of  ammonia  is  determined  by 
comparing  this  tint  with  the  color  developed  in  a  known 
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solution  of  ammonium  chloride,  NH4  CI,  by  the  same 
re-agent.  The  strength  of  the  known  solution  is  varied 
until  it  strikes  the  same  color  as  that  of  the  water.  The 
known  solution  and  the  water  must  then  contain  the 
same  amount  of  ammonia. 

The  ammonia  present  is  of  two  varieties,  free  ammo- 
nia, which  exists  free  or  in  loose  chemical  combination 
with  acids  in  the  water ;  and  albumenoid  ammonia, 
which  is  not  in  the  form  of  ammonia,  but  exists  as  the 
N  of  organic  compounds  there  present.  The  free  ammo- 
nia is  obtained  by  simply  distilling  the  water,  first  hav- 
ing added  a  stronger  alkali,  such  as  soda  or  potassa. 
The  distillation  is  continued  until  no  more  ammonia 
comes  over.  The  distillate  is  then  Nesslerized.  To  the 
water  left  in  the  still  some  potassium  permaganate, 
KaMuoOs,  is  added.  It  is  then  distilled  and  by  the  action 
of  these  salts  on  the  albumenoids  during  boiling  they  are 
broken  up  and  the  N  contained  in  them  is  reduced  to 
ammonia.  This  distills  over  and  is  Nesslerized.  A  good 
water  never  contains  more  than  eight  parts  of  free 
ammonia  or  fifteen  parts  of  albumenoid  ammonia  per 
■1,000,000. 

Organic  Matter. — By  potassium  permanganate,  K2Mn208, 
from  which  the  organic  matter  takes  O  :  thus 

K.2Mn20e+3H2S04-50=KoS04+3MnS04+8H20. 

The  potassium  permanganate  is  in  this  way  destroyed 
and  the  color  of  the  solution,  a  deep  purple,  weakened 
or  removed. 

Calcium. — Add  ammonium  chloride  and  liquor  ammo- 
niae.  Then  ammonium  oxalate,  (NH4)2C204,  gives  a 
white  precipitate  of  calcium  oxalate,  CaC204. 

Magnesium. — Add  ammonium  chloride  and  liquor  ammo- 
niae.  Then  disodic  orthophosphate,  Na2  H  PO4,  gives  a 
white  precipitate  of  ammonio-magnesian  phosphate, 
Mg  NH4  PO4.  Under  the  microscope  this  appears  as 
long,  prismatic  crystals. 
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(13)  — Carbon  Dioxide. — The  addition  of  lime-water,  which 

contains  calcium  hydrate,  Ca(0H)2,  gives  a  white  pre- 
cipitate of  calcium  carbonate,  Ca  CO3.  Baryta-water, 
containing  barium  hydrate,  Ba(OH).2,  is  often  used  in- 
stead of  lime-water,  as  the  barium  carbonate  formed  is 
even  less  soluble  than  the  calcium  carbonate. 

(14)  — The  sediment  should  be  examined  microscopically.  This 

is  not  of  great  value,  but  it  may  give  some  idea  of  the 
organized  life  present  in  the  water. 
{15)— Biological  Analysis.— This  is  to  determine  the  number 
and  kinds  of  bacteria  present  in  water.  Mix  1  c.  c.  of 
the  water  with  10  c.  c.  of  sterilized,  gelatinized  beef 
tea  which  has  been  melted  with  a  gentle  heat.  Shake 
the  mixture  thoroughly  in  a  sterilized  tube  and  then 
pour  it  onto  a  level  sterilized  plate.  This  is  set  over  a 
cake  of  ice  and  over  it  is  placed  a  glass  cover.  When  it 
has  set  it  is  transferred  to  an  incubator.  Great  care 
must  be  taken  during  the  maipulations  that  bacteria 
floating  in  the  air  do  not  get  on  it.  In  a  few  days  each 
bacterium  will  develop  a  colony  and  these  can  then  be 
counted  with  the  nalted  eye  or  with  a  low-power  micro- 
scope. The  kinds  are  determined  by  the  microscopical 
appearance  of  the  bacteria,  the  appearance  and  manner 
of  the  development  of  the  colonies,  the  presence  or 
absence  of  pigment,  and  in  some  cases  the  effect  of 
inoculation  on  animals. 

The  results  of  this  method  of  water-analysis  are  hardly 
better  than  chemical  analysis,  as  yet,  but  the  field  is  a 
promising  one  and  further  researches  may  prove  its  value. 

The  results  obtained  by  the  analysis  of  water  afford  at  the 
best  but  approximate  indications  for  action.  It  can  tell  us  if 
the  water  is  absolutely  pure,  but  if  impure,  it  cannot  say 
whether  it  is  dangerous  for  use  or  not.  If  an  open  or  driven 
well  is  within  one  hundred  feet  of  a  privy,  cess-pool,  manure- 
heap,  barn-yard  or  any  source  of  animal  contamination,  it 
should  be  condemned  unless  the  water  is  absolutely  free  from 
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all  evidences  of  organic  contamination.  Even  then  it  should 
be  examined  at  short  intervals,  for  either  drought  or  increased 
rain-fall  may  cause  it  to  become  contaminated.  The  indica- 
tions obtained  from  water-analysis  which  are  of  value  may  be 
summed  up  as  follows  : 

(1) — If  it  contains  considerable  sediment  but  no  ammonia, 

nitrites  or  chlorides,  the  water  is  fit  for  use  but  the  well 

requires  cleaning. 
(3) — If  there  is  less  than  the  permissible  ammonia  and  very 
.    little  or  no  nitrates,  nitrites  or  chlorides,  the  water  is 

probably  good  and  the  ammonia  is  either  derived  from 

rain-water  or  is  of  vegetable  origin. 

(3)  — If  the  water  is  hard  and  contains  considerable  chlorides 

but  little  or  no  ammonia,  nitrates  or  nitrites,  it  is  good 
except  for  the  hardness,  and  the  chlorides  are  derived 
from  the  rocks  through  which  it  has  passed  or'from  the 
sea-water. 

(4)  — If  it  is  soft  and  contains  considerable  chlorides,  it  is  very 

suspicious,  even  though  it  contains  little  ammonia,  ni- 
trites or  nitrates.  The  chlorides  in  this  case  are  prob- 
ably derived  from  sewage  or  house  refuse. 

(5)  — If  it  contains  considerable  nitrites  and  chlorides,  that 

would  be  almost  enough  to  condemn  it,  even  if  there  is 
very  little  ammonia  present. 

(6)  — If  it  contains  an  excess  of  ammonia,  chlorides  and  nitrites, 

it  should  be  condemned  of  course. 

(7)  — If  it  contains  more  than  the  permissible  amount  of  ammo- 

nia but  no  nitrites  or  nitrates  and  only  traces  of  chlo- 
rides, it  is  very  suspicious.  The  well  should  be  very 
carefully  examined  and  unless  all  possibility  of  animal 
contamination  is  eliminated  it  should  be  condemned. 
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CHAPTER  V. 
AIR. 

THE  ATMOSPHEEE. 

Height. — Shades  off  insensibly  ;  about  one-half  is  contained 
within  three  miles  and  thirty -oile  thirty-seconds  within  seven- 
teen miles. 

Weight. — One  hundred  cubic  inches  of  air  weigh  thirty-one 
grains.  This  is  determined  by  exhausting  a  vessel  of  known 
capacity,  finding  its  weight,  then  weighing  it  filled  with  air 
and  noting  the  difference.  The  weight  of  the  atmosphere  as  a 
whole,  or  the  pressure  of  the  atmosphere,  is  approximately 
fifteen  pounds  to  the  square  inch.  It  is  determined  by  means 
of  the  barometer. 

Coinposition  of  the  Atmosphere. 
A — Gases. 

(1) — N2  ;  by  weight  77  parts,  by  volume  79.  * 

(3)— Oo  ;   "       "      23  "        "  21. 

These  figures  are  only  approximate  and  are  determined 
after  removing  everything  else  from  the  air. 

(3)  — Water  in  the  form  of  vapor. — The  amount  depends  largely 

upon  the  temperature  and  varies  from  0.1  per  cent,  to 
2  per  cent,  by  weight.    When  the  air  contains  all  the 
moisture  it  is  capable  of  taking  up  at  that  temperature,  ■ 
it  is  said  to  be  saturated. 

(4)  — Carbon  Dioxide  :  by  weight  0.06  per  cent.,  by  volume  0.04 

per  cent.    There  are  63  grains  of  carbon  dioxide  on  each 
square  inch  of  the  earth's  surface. 

(5)  — Ammonia,  1  part  per  1,000,000. 

(6)  — Nitrous  and  nitric  acids,  often  in  combination  with  am- 

monia. 
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(7)  — Ozone  and  hj^drogen  peroxide  in  mere  traces. 

(8)  — Sulphuric  acid  and  other  sulphur  compounds  in  the  neigh- 

borhood of  cities,  owing  to  impurities  in  coal. 

B— Solids. 

(1)  — Cosmical — Meteorites,  etc. 

(2)  — Terrestrial. 

(a)  — Mineral — Volcanic  dust,  fine  sand,  clay,  etc.  From 
the  sea- water  various  mineral  salts.  Sodium  chloride 
is  always  present  in  the  atmosphere. 

(b)  — Organic. 

1—  Dead.— Fragments  of  plants  and  animals,  hairs, 
epithelial  scales,  manure,  etc, 

2—  Living— Moulds,  yeasts  and  bacteria,  and  their 
germs,  and  pollen. 

Of  these  constituents  of  the  atmosphere,  those  which  are 
especially  related  to  plants  are  carbon  dioxide,  water,  ammo- 
nia, nitric  and  nitrous  acids.  These  form  the  food  of  plants. 
All  the  C  in  plants  is  Obtained  from  carbon  dioxide,  the  O 
being  returned  to  the  atmosphere.  They  obtain  all  their  N 
from  these  compounds,  none  being  -taken  from  the  free  N  of 
the  atmosphere.  In  the  plants  these  compounds  are  split  up 
and  reunited  into  others  which  are  but  slightly  oxidized. 
Plants  also  have  a  respiratory  function  by  which  they  con- 
sume O  and  give  off  carbon  dioxide.  This  is  of  very  much 
less  importance  than  their  consumption  of  carbon  dioxide  and 
is  best  noticed  in  the  absence  of  light  when  that  function  is  in 
abeyance. 

Those  constituents  which  are  especially  related  to  animals, 
are  water  and  O.  Most  other  components  of  animals  are 
derived  from  plants  and  are  oxidized  by  the  O  taken  from  the 
atmosphere. 

Of  the  other  components  of  the  atmosphere,  not  much  need 
be  said.  The  N  is  simply  a  diluent  of  the  O,  and  the  others 
are  accidental  impurities.  Moulds  and  their  germs  cause  the 
formation  of  moulds  ;  yeasts  and  some  bacteria  cause  fermen- 
tations ;  other  bacteria  cause  putrefaction  ;  and  some  varieties 
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of  pollen  caiise  hay-fever.  The  suspended  mineral  and  dead 
organic  matter,  if  present  in  excess,  may  act  as  an  irritant  to 
the  lungs,  and  cause  a  variety  of  interstitial  pneumonia. 

HOUSE-DRA INAGE. 

This  should  be  so  constructed  as  to  keep  out  of  the  air  of  the 
house  any  admixture  of  sewer-gas,  but  it  often  fails  entirely 
owing  either  to  incorrect  or  defective  plumbing.    The  compo- 
sition of  sewer  gas  is  approximately  as  folloM^s  : 
(1) — Methane  and  carb(^  dioxide  chiefly. 
(3) — H,  N,  and  ammonia. 

(3)  — Acetic,  lactic  and  butyric  acids. 

(4)  — Sulphuretted  hydrogen,  mercaptans  and  sulphur  ethers. 

which  give  it  the  ofiiensive  odor  it  may  possess. 
None  of  these  are  given  oS  in  such  quantities  under  ordinary 
circumstances  as  to  produce  disease  themselves.  The  danger 
is  from  the  pathogenic  bacteria  which  may  be  present.  These 
are  not  volatile  but  are  sprayed  up  into  the  air  of  the  sewer  by 
the  breaking  of  bubbles  on  the  surface.  Their  specific  gravity 
is  then  so  light  that  they  are  carried  by  the  air-currents.  The 
way  to  prevent  disease  from  this  source  is  by  proper  plumb- 
ing. To  do  this  the  soil-pipe  and  back-ai'r-pipe  should  open  on 
the  roof,  and 'every  trap  should  be  back-aired.  The  accom- 
panying diagram  shows  these  pionts  : 

A  is  the  sewer.  ABC  is  the  soil-pipe,  opening  on  the  roof  at  C  and 
trapped  at  D .  EF  is  the  ventilatinisj-pipe  communicating  with  the  soil-pipe- 
just  behind  D.  GJKH  is  the  ventilating-pipe  to  the  traps,  opening  on  the 
roof  at  G  and  giving  off  branches  at  J,  K  and  N  to  tl^e  traps  of  the  fixtures 
L,  M,  O,  which  branche  s  are  connected  on  the  soil-pipe  side  of  the  traps  as 
indicated.  PR  is  the  leader  from  the  roof  connecting  with  the  soil-pipe- 
at  B  and  trapped  at  E.  The  object  of  EF  is  to  have  a  constant  current  of 
air  blowing  through  the  pipe.  The  air  in  BC,  being  within  the  house,  be- 
comes heated  and  escapes  through  C,  while  fresh  air  enters  through  EF. 
The  object  of  GH  and  its  branches,  J,  K,  N,  is  to  prevent  siphoning  of  the 
traps  by  an  action  similar  to  that  of  tie  Sprengel  air-pump.. 
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[  The  engraver  has  made  all  the  traps  in  the  diagram  too  shallow,  except 
at  R.  They  should  be  so  deep  as  to  divide  the  U-shaped  column  of  water 
into  two  distinct  limbs,  connected  only  at  the  bottom  ] 
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Besides  the  points  indicated  in  the  diagram  and  its  explan- 
ation, there  are  some  others  in  practical  plumbing  which  it  is 
well  to  bear  in  mind.  The  soil-pipe  should  be  of  iron  and  4 
inches  in  diameter.  After  it  changes  from  the  perpendicular 
it  should  have  such  a  slope  as  to  insure  a  current  of  at  least 
^%  ft.  per  second.  The  traps  should  be  the  S-shaped  syphon 
traps  and  preferably  those  without  pans  or  hoppers  but  flush- 
ing directly.  The  water-closets  should  not  communicate 
directly  with  the  house-tank  but  with  small  waste-preventer 
tanks,  containing  2-4  gals. ,  which  are  filled  automatically 
from  the  house-tank.  The  over-flow  pipes  if  they  empty  into 
the  house-drain,  should  do  so  on  the  side  of  the  trap  furthest 
from  the  drain.  The  sewer  should  be  of  an  oval  egg-shape 
with  the  small  end  down.  It  should  be  smooth  internally  and 
have  a  slope  sufficient  to  cause  a  current  of  not  more  than  4^^ 
ft.  per  second  nor  less  than  1  ft.  It  should  have  ventilating 
shafts  and  man-holes  at  intervals  of  not  more  than  100  yards. 
The  best  method  of  sewage-removal  undoubtedly  is  the  sep- 
arate system.  In  this  there  are  two  sets  of  pipes  ;  one  set  is 
small  and  securely  sealed  for  the  removal  of  the  house-refuse  ; 
the  other  is  larger  and  serves  to  carry  away  the  surface  and 
subsoil  drainage. 

Ground-air  is  that  which  fills  in  the  interstices  of  the  ground 
down  to  the  water  level.  It  is  derived  largely  from  the  decom- 
position of  vegetable  and  animal  remains  in  the  soil.  It  is 
detrimental  to  health  from  the  large  amount  of  moisture 
always  present  and  from  the  pathogenic  bacteria  which  it  may 
contain.  In  order  to  keep  it  out  of  the  cellar,  Prof.  Chandler 
recommends  that  coal-tar  pitch  be  used  in  the  following  way  : 
Melted  hard  coal-tar  pitch  is  poured  on  the  floor  in  a  thin 
layer  and  on  this,  while  still  soft,  bricks  are  placed  close  to- 
gether on  edge.  When  the  whole  is  set  more  melted  pitch  is 
poured  over  it,  sufficient  to  fill  up  the  spaces  between  the 
bricks  and  cover  tlie  whole  to  the  depth  of  a  quarter-inch. 
The  sides  of  the  cellar  are  then  covered  with  the  pitch  up  to 
the  level  of  the  ground. 
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VENTILATION. 

In  tlie  previous  section  were  discussed  the  methods  of  keep- 
ing impure  air  out.  In  order  to  let  fresh  air  in  and  to  remove 
the  air  rendered  impure  within  the  house,  thorough  ventila- 
tion is  necessary.  The  percentage  of  carbon  dioxide  in  the 
atmosphere  of  a  room  vitiated  by  respiration  should  never 
exceed  .06  per  cent,  by  volume.  This  is  taken  as  the  limit, 
not,  however,  because  that  amount  of  carbon  dioxide  is  injur- 
ious. Pettenkofer  and  Voit  found  that  it  produced  no  injuri- 
ous effects  in  the  amount  of  1 .  per  cent. ,  but  that  was  when  it 
was  not  due  to  respiration.  In  the  air  of  a  room  it  is  taken  as 
representing  the  volatile  organic  matters,  which  are  in  such 
small  quantities  that  they  cannot  be  measured  directly,  but 
which  are  very  injurious  to  the  health.  Taking  .06  per  cent, 
as  the  limit,  each  human  adult  requires  about  3,000  cubic  feet 
of  air  per  hour.  In  order  to  supply  this  amount  the  air-space 
to  each  adult  should  be  not  less  than  1,000  cubic  feet,  for  it  is 
found  that  the  air  in  a  room  cannot  be  changed  by  most  meth- 
ods of  ventilation  oftener  than  three  times  per  hour  without 
creating  draughts. 

Methods  of  ventilation  may  be  divided  into  natural  and 
artificial.    Natural  methods  depend  for  their  action  on  : 

(1)  — Diffusion.    Of  very  little  consequence  as  a  ventilating 

force.. 

(2)  — Difference  in  density  between  warm  and  cold  air,  the 

warm  rising  and  the  cold  forcing  its  way  in. 

(3)  — Of  most  importance,  the  perflating  and  aspirating  action 

•  of  the  wind.  The  former  is  utilize  1  in  cross- ventilation 
between  windows  or  perforations  in  walls.  Draughts 
should  be  avoided,  and  in  order  to  do  so,  many  ingenious 
devices  have  been  used.  A  very  simple  one  is  to  raise 
the  lower  sash  of  a  window  a  few  inches  and  insert 
under  it  a  block  of  wood  just  fitting  the  aperture.  In 
that  waj'  a  space  is  left  between  the  upper  and  lower 
sashes  by  which  the  breeze  is  directed  up  towards  the 
ceiling.    Screens  can  be  used,  but  they  easily  become 
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clogged  with  dust.  To  utilize  the  perflating  force,  mova- 
ble cowls  are  put  on  air-shafts,  which  communicate  with 
the  room. 

Methods  for  artificial  ventilation  are  of  two  kinds,  those 
acting  by  extraction  and  those  by  propulsion.  The  former  is 
by  all  odds  the  most  efficient,  stable  and  economical.  In  it 
the  extraction  force  of  heat,  either  by  fires  or  special  flues,  is 
used.  Fans  and  screws  have  been  used  in  this  as  well  as  in 
the  propulsion  system.    They  are  not  considered  of  much  use. 

The  sources  of  pollution  of  the  atmosphere  are  numerous. 
The  following  are  the  more  important : 

(1)  — Factories,  especially  those  for  oil,  fertilizers,  glue  and  gas. 

(2)  — Putrefaction  and  decomposition  of  animal  and  veg^  table 

matter. 

(3)  — Ground -air. 

(4)  — Respiration  of  animals. 

(5)  — Combustion  in  lamps,  stoves  and  of  gas.    In  addition  to 

water  and  carb  n  dioxide,  this  gives  rise  to  some  sul- 
phur compounds.  In  the  case  of  stoves,  if  the  damper 
is  turned  so  as  to  stop  the  draught  while  the  combustion 
is  SI  ill  going  on,  the  products  of  combustion  must  escape 
into  the  room.  Unless  there  is  sufficient  ventilation 
they  may  cause  considerable  harm. 


NOMENCLATURE. 
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CHAPTER  VI. 

CHEMICAL  NOMENCLATURE. 

It  has  been  thought  advisable  to  give  the  substance  of  the 
preceding  chapters  before  discussing  the  definitions  and  ter- 
minology used.  It  is  better,  for  concise  definitions  in  Chem- 
istry are  difficult  or  impossible.  In  this  way  the  student  is 
enabled  to  appreciate  ttie  exceptions  which  naturally  arise. 

Base. — The  term  properly  applied  to  the  combination  of  a 
basic  oxide  with  water  ;  thus  K20-|-H20=2KOH,  called  potas- 
sium hydroxide  or  hydrate,  or  potassa;  or  CaO-l-H20=Ca(OH)2, 
called  calcium  hydroxide  or  hydrate,  or  lime.  The  term  is 
sometimes  used  to  mean  simply  the  basic  oxide,  but  this  is  not 
correct. 

Anhydride. — This  is  simply  another  name  for  an  acid  oxide  ; 
thus  P2O5,  phosphoric  oxide  or  anhydride. 

Acid. — Hard  to  define  concisely.  It  is  a  salt  of  H.  It  can 
be  produced  by  combining  water  viith  an  anhydride;  thus 
H20-|-N205=2HN03,  nitric  acid.  In  the  case  of  S,  Se,  Te,  CI, 
Br.  I  and  F,  the  direct  combination  of  the  element  with  H 
forms  an  acid ,  thus  H2S,  hydrosulphuric  acid,  HCl,  hydro- 
chloric acid. 

Salt. — Also  hard  to  define.  It  is  the  term  applied  to  a  com- 
bination of  an  anhydride  with  a  basic  oxide  ;  thus  CaO-f  C02= 
CaCOs,  calcium  carbonate.  Also  applied  to  an  acid  in  which 
the  H  has  been  replaced  wholly  or  in  part  by  a  metal  or  by  a 
compound  radical  having  the  characters  of  a  metal ;  thus 
NH4CI,  ammonium  chloride.  If  the  H  has  been  wholly  re- 
placed, it  is  called  a  normal  salt ;  if  partly,  an  acid  or  bi-salt ; 
thus  K2SO4,  normal  potassium  sulphate  or  simply  potassium 
sulphate,  KHSO4,  acid  potassium  sulphate  or  potassium  bisul- 
phate. 

When  two  oxygen-acids  are  formed  by  the  same  elenient. 
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the  one  containing  the  less  proportionate  amount  of  O  termin- 
ates in  ous,  the  other  in  ;  thus  HCIO2,  chlorous  acid,  and 
HCIO3,  chloric  acid.  The  same  rule  applies  to  oxides  and 
hydrates  if  more  than  one  is  formed.  If  there  is  another  oxy- 
gen acid  of  the  same  element  which  has  less  O  proportionately 
than  the  ous  acid,  hypo  is  prefixed  ;  thus  HCIO,  hypochlorous 
acid.  If  another  is  present  with  more  O  proportionately  than 
the  ic  acid,  hyper  or  p)er  i<  prefixed  ;  thus  HCIO4,  hyperchloric 
or  perchloric  acid.  Acids  not  containing  O  have  the  prefix 
hydro  and  terminate  in  ic  ;  thus  HBr,  hydrobromic  acid. 

Oxygen-salts,  if  derived  from  acids  terminating  in  ous,  ter- 
minate in  ite;  thus  K2SO3,  potassium  sulphite,  NaClO,  sodi- 
um hypochlorite.  If  they  are  derived  from  acids  terminating 
in  ic,  they  terminate  in  ate  ;  thus  NaaCOs,  sodium  carbonate, 
NaHCOs,  sodium  bicarbonate.  Salts  derived  from  acids  not 
containing  O  drop  the  hydro  and  terminate  in  ide ;  thus  Ag^S 
argentic  or  silver  sulphide,  MgCU,  magnesium  chloride.  If 
two  salts  are  formed  by  the  same  two  radicals,  the  one  con- 
taining the  less  proportionate  amount  of  the  non-metallic  ele- 
ment is  designated  by  ous,  the  other  by  ic ;  thus  Hg^I^,  mer- 
curous  iodide,  Hglo,  mercuric  iodide  ;  Fe(N03)-2,  ferrous  nitrate, 
Fe2(N03)6,  ferric  nitrate. 

It  will  be  good  practice  for  the  student  to  run  over  the  fol- 
lowing lists  and  name  the  compounds  or  give  the  fornuite,  as 
the  case  may  be  :  • 


H0S02 

KCIO3 

Na.,S04 

NaOH 

H2S03 

AgNO. 

NaHS04 

CaSOs 

H2S04 

H3PO3 

Na3P04 

Hg.2Cl, 

HNO, 

H3PO4 

Na.2HP04 

HgCl, 

HNO3 

FeS04 

K2'  O3 

BiCl3 

KCl 

Fe..(S04)3 

KHCO3 

SO2 

LiClO 

Fe(0H)2 

Ca3(P04)2 

SO3 

NaClO, 

Fe2(0H)„ 

CaH4(P04).2 

NH4NO 

AS2O3 

MgS03 

NH4HCO3 

SiO.2 

AS.2O5 

CUSO4 

(NH4)2C03 
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Hydrochloric  acid 
Hvpochloi-ous  ' ' 
Percliloric  " 
Potassium  liydrate 
Ferrous  " 
Ferric  ' ' 

Magnesic  ' ' 
i^mmonic  " 
Sodic  carbonate 


Bismuth  Nitrate 
Calcic  bromide 
Sodic  Phosphate 


biphosphate 


Cupric  nitrate 
Ferrous  chloride 
Ferric        ' ' 
Hydriodic  acid 
Calcic  sulphate 


•  •  bicarbonate 
' '  sulphate 
* '  bisulphate 

•  Simi^le  Radical. — A  term  sometimes  applied  to  an  element. 

Comjiound  Radical. — A  compound  in  which  one  or  more 
combining  bonds  are  free.  These  are  of  more  consequence  in 
Organic  than  Inorganic  Chemistry.  They  are  usually  desig- 
nated by  the  ending  yl  and  may  be  monad,  dyad,  triad,  etc. 
They  behave  like  elements  as  regards  their  chemical  properties. 
Examples  are  (CH3)  S  methyl ;  (NH4y,  ammonium;  (Sb  O)', 
stibyl ;  (Bi  0)S  bismuthyl. 

Proximate  ^waZ^/sis.— Applied  to  the  analysis  of  a  mixture 
of  several  molecules  when  only  the  nature  of  each  of  the  seve- 
ral molecules  is  determined.  The  proximate  analysis  of  milk 
shows  it  to  contain  casein,  lactose,  fats,  serum-albumin,  etc. 
Those  bodies,  the  nature  of  which  is  determined  by  proximate 
analysis,  are  called  proximate  principles. 

Elementary  or  Ultimate  Analysis.— Used  when  the  number 
and  kinds  of  atoms  which  compose  one  of  the  proximate  prin- 
ciples, are  determined.  The  elementary  analysis  of  sugar 
shows  it  to  be  C12H22O11. 

Empirical  Fornmla.— The  expression  of  the  simplest  possible 
ratio  of  the  elements  w-hich  make  up  a  compound.  Thus 


CH  is  the  empirical  formula  for  benzol. 

Fe  (OH)3       "  "  ferric  hydrate. 
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Molecular  Formula— The  expression  of  the  actual  number  of 
atoms  of  each  element  in  a  molecule.  It  may  be  identical  with 
the  empirical  formula  or  a  multiple  of  it.  Thus 

CsHe  is  the  molecular  formula  for  benzol. 
Fe2(0H)„         "  "        "   ferric  hydrate. 

C12H22O11  rejDresents  both  formulte  for  sugar. 

Type  Formula. — Is  a  mdlecular  formula  arranged  after  a  cer- 
tain type.  The  most  common  types  are  water,  HOH,  and  hy- 
drochloric acid,  HCl.  Thus 

HO  (C2H3O),  is  acetic  acid  arranged  on  the  water-type, 
H(C2H302)  the  same  on  the  hydrochloric  acid  type. 

Isomerism. — The  term  used  when  two  or  more  bodies  have 
the  same  empirical  formula  but  differ  in  their  properties.  It  is 
of  two  varieties. 

A — When  the  bodies  have  the  same  number  of  atoms.  This 
may  also  be  of  two  varities. 

(1)  — Isomerism  proper.    In  this  the  compounds  differ  only  in 

their  physical  properties.  Thus  the  volatile  oils  of  lemon, 
turpentine,  juniper,  etc.,  have  all  the  formula,  Cio  Hie 
and  differ  only  in  their  odors  and  some  other  physical 
properties. 

(2)  — Metamerism.    In  this  the  compounds  have  the  same  em- 

pirical and  molecular  formulfe  but  the  atoms  composing 
them  are  arranged  in  different  ways  ;  thus 

(]SrH2)2  CO  is  urea. 

NH4  CNO  is  ammonium  cyanate. 

B — Polymerism.  In  this  the  compounds  have  the  same  em- 
pirical but  different  molecular  formulae  ;  thus  the  various 
olefines,  CH2,  C2H4,  CsHs,  etc. 

Homologous  Series. — A  group  of  substances,  having  similar 
properties,  whose  molecular  weights  have  a  common  differ- 
ence.   In  Inorganic  Chemistry  tlie  most  marked  series  of  this 
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kind  is  the  alkaline  metals.  These  all  have  a  common  difference 
of  16  or  of  some  multiple  of  16,  and  this  fact  alone  would  tend 
to  show  they  were  simply  compounds.  In  Organic  Chemistry 
the  term  is  only  applied  to  a  series  having  a  common  difference 
of  14,  due  to  CH2 ;  thus  CH4,  C2He,C3H«,  etc. 

Isologous  Series.— Onlj  used  in  Organic  Chemistry  to  mean  a 
series  whose  molecular  weights  have  a  common  difference  of  2, 
due  to  H2 :  thus  CMe,  CoHs,  CoHio,  etc. 

AUotropic.—A  term  applied  to  those  modifications  of  the 
same  substance  which  jjresent  different  physical  properties. 
Thus  C  exists  in  three  allotropic  forms,  diamond,  graphite  and 
charcoal ;  O  in  two,  common  oxygen  and  ozone. 

^?norp7i,oiis.— Applied  to  a  solid  which  is  not  crystalline. 

Dimorp/ioits.— Applied  to  a  solid  which  crystallizes  in  two 
irreconcileable  forms  ;  as  C  in  the  diamond  and  graphite. 

Isomorphous.  -Applied  to  substances  of  different  chemical 
composition,  which  crystallize  in  the  same  form.  In  Inorganic 
Chemistry  the  different  alums  form  a  striking  group  of  this 
kind. 

Efflorescent  substances  are  those  which  at  the  ordinary  tem- 
perature lose  their  water  of  crystallization  and  fall  to  powder  ; 
as  sodium  carbonate. 

Deliquescent  substances  are  those  freely  soluble  substances 
which  at  ordinary  temperatures  takes  up  sufficient  water  from 
the  air  to  form  a  solution.  Potassium  hydrate  and  lahosphoric 
anhydride  are  examples 

An  alloy  is  a  compound  or  mixture  of  two  or  more  metals. 
If  one  of  them  is  mercury,  it  is  called  an  amalgam. 

Atomicity  or  Valence.— The  term  applied  to  the  combining 
or  saturating  power  of  an  element  or  the  number  of  bonds  it 
possesses.    It  may  be  : 


Quadrivalent 


Univalent 

Bivalent 

Trivalent 


or 


Monad 
Dyad 
Triad 
Tetrad 
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Quintivalent 

Sexvalent 

Septivalent 


or 


Pentad 
Hexad 
Heptad 


And  even  higher  atomicities  exist.  Artiads  are  those  of 
even  atomicity,  perissads  of  uneven. 

Double  decomposition  is  the  mutual  interchange  of  compon- 
ents when  two  substances  are  brought  together.  It  is  most 
apt  to  occur  when  a  more  volatile  or  a  less  soluble  substance 
ean  be  formed  by  it.  Thus 


2SbCl3+3H2Sr=6HCL+Sb2S3 
Ba(NQ3)2+H,SQ4^BaSQ4+2HN03 


GRAPHIC  FORMIjLJE. 
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CHAPTER  VII. 

GRAPHIC  FORMULA. 

Graphic  formulas  are  those  formulfe  which  are  supposed  to  reiire- 
sent  the  internal  structure  of  a  molecule.  They  are  intended  to 
show  the  way  in  which  the  atoms  of  molecules  are  held  together 
by  connecting  bonds.  In  constructing  them  compound  radicals 
must  be  veiy  carefully  considered.  Another  thing  to  be  remembered 
is  that  an  element  may  change  its  atomicity,  for  example,  a  triad 
to  a  j)entad  or  a  dyad  to  a  tetrad,  but  they  never  change  from  aitiad 
to  perissad,  or  vice  versa.  They  are  sometimes  made  after  vazious 
types.    The  most  common  and  most  important  of  these  are  : 

1.  The  water  type,  H— 0— H 

2.  The  hydrochloric  acid  type,  H — CI 

3.  The  ammonia  type,  N— H 

The  atomicity  of  the  elements  must  be  veiy  carefully  learned.  Tho 
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following  is  a  list  of  the  more  important  elements,  with  their  sym- 
bols, arranged  according  to  their  atomicities  : 

MONADS.  TKIADS. 

B  Boron 

N  Nitrogen 

P  Phosphorus 

Au  Gold 

As  Arsenic 

Bi  Bismuth 

Sb  Antimony 


H 

Hydrogen 

Ag 

Silver 

CI 

Chlorine  "1 

Br 

Bromine  1 

Fl 

Fluorine  | 

I 

Iodine  J 

Li 

Lithium  ] 

K 

Potassium  j 

Na 

Sodium  I 

Cs 

Caesium  | 

Kb 

Eubidium  J 

DYADS. 

0 

Oxygen 

s 

Sulphur 

Se 

Selenium 

Te 

Tellurium 

Ca 

Calcium  ] 

Ba 

Barium  [- 

Sr 

Strontium  ) 

Mg 

Magnesium  ^ 

Zn 

Zinc 

Gd 

Cadmium 

Halogens. 


Arsenic 
Group. 


Metals  of 

the 
Alkalies. 


Oxygen 
Group. 

Metals 
of  the 


lagnesium 
Group. 


TETEADS. 

C  Carbon 

Si  Silicon 

Al  Aluminium 

Pt  Platinum 

Ir  Iridium 

Os  Osmium 

Kh  Rhodium 

Pd  Palladium 

Eu  Euthenium 

Fe  Iron 

M  Nickle 

Co  Cobalt 

Mn  Manganese 

Cr  Chromium 

Sn  Tin 

Pb  Lead 


Platinum 
Group. 


Iron  Group, 
sometimes 
dyad,  some- 
times tetrad. 


Hg    Mercury  Mercury 
Cu     Copper    j  Group. 

In  the  graphic  formula  of  a  saturated  compound,  the  bonds  must 
be  so  arranged  as  to  satisfy  the  atomicity  of  each  of  the  elements. 

OXIDES. 

Monads— K,  K^O,  K— O— K;  may  be  considered  water  m  which 
both  atoms  of  hydrogen  are  replaced  by  potassium. 
Dyads.— Ca,  CaO,  Ca=0. 

As=0 

Triids.— As,  AsgOg,  >-0 
As=0 

Tetrads.  - C,  CO    C  (  g  \ 
^^O 

Pentads. —  P,  P..0-,    >0  ^• 

^  -^o 
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lu  these  the  monad  radical,  H— 0,  called  hydroxyl,  enters.  Hence 
they  are  called  hydroxides.  They  may  also  be  considered  as  one  or 
more  atoms  of  water  in  which  one-half  the  numlaer  of  hydrogen- 
atoms  are  replaced  by  the  element  or  basic  radical.  In  this  case  they 
are  called  hydrates. 

Monads.— Na,  NaOH,    Na— O— H 
Dyads. -Mg,  Mg  (0H)„  Mg.-g-g 
O— H 

Triads.— Bi,  Bi  (0H)„,  Bi  -0— H  * 
XO-H 

None  of  any  consequence  are  formed  above  triads.  The  term  base 
is  also  applied  to  the  basic  oxides. 


ACIDS. 

Those  not  containing  oxygen  are  formed  by  the  direct  union  of 
hydrogen  and  the  element,  as  H  CI,  H— CI,  HjS,  ^>-S.  The  latter 
can  also  be  considered  water  in  which  the  oxygen  has  been  replaced 
by  sulphur,  and  would  thenbe  written  thus,  H— S— H.  In  the  oxygen- 
acids  or  those  containing  oxygen,  hydroxyl  plays  a  very  important 
part.  The  basicity  of  an  acid  is  the  number  of  hydrogen-atoms  it 
contains,  which  are  replaceable  by  metals.  In  the  inorganic  acids  all 
the  hydrogen-atoms  are  replaceable  with  the  exception  of  hyposul- 
phurousacid,  H.,SO.,,  hypophos  horousacid,  HgPO.^,  which  are  mon- 
obasi:-,  and  phosphorous  acid,  HgPO.,,  which  is  bibasic.  An  oxy- 
gen-acid contains  as  many  hydroxyl-groups  as  its  basicity,  and  it  is 
the  hydrogen-atom  in  this  group  which  can  be  replaced  by  a  metal 
to  form  a  salt.  A  monobasic  acid  consists  of  hydroxyl  united  by  the 
free  bond  of  the  oxygen  to  a  monad  element  or  compound  radical 
which  has  an  acid  tendency.  It  may  also  be  considered  water  m 
which  one  hydrogen-atom  has  been  replaced  by  this  element  or  com- 
pound radical.  Polybasic  acids  are  formed  in  a  similar  way.'  The 
following  is  a  list  of  the  more  important  acids  arranged  according  to 
basicity.  The  element  or  compound  radical  with  which  the  hy- 
droxyl is  unite  J  is  enclosed  in  brackets. 
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Nitrous,  H— 0~(N=0)  Nitric,  H— O— (N^q  j 

r  H  ] 

Hydrocyanic,  H— (C=N)  Hj'popliospliorous,  H — 0-|  P=0 

I  H  J 

Metaphosphoric,  H— 0— (P^q  j  Hydrochloric,  H— CI 

Hypoclilorous,  H— 0— (CI)         Chlorous,  H— O— (0— CI) 
Chloric,  H— 0— (O— O^Cl)        Perchloric,  H— O— (O— 0— 0— CI) 

Bromine  and  iodine  form  acids  similar  to  those  of  chlorine,  but 
fluorine  forms  only  H  F,  hydrofluoric  acid. 

BIB  ASIC. 

Sulphurous,  g-^>(S=0)  Sulphuric,  §Z§>  [  ^  C  O  ] 

Thiosulphuric,  ^  ^^>-  |^  S  C  Q  ]  Hydrosulphuric,  H — S — H 

Carbonic,  ^~g>  [c=0  j        Phosphorous,  H-0>  [  ^^^o] 

TEIBASIC. 

H-0  H— 0. 

Orthophosphoric,    H— 0--(P=0)  Arsenic,  H—0—fAs=-0) 

H— 0/  K—O^ 

H— 0 

Arsenious,    H — 0—  (As) 
H— 0/ 

TETEABASIC. 

Pyrophosphoric,  tt  ^     I    >0  1 

H-0>  ^^=0l 


The  graphic  formulae  for  these  are  easily  worked  out  if  the 
atomicity  of  the  element  and  the  basicity  of  the  acid  are  remembered, 
for  the  element  is  simply  substituted  for  the  hydrogen  of  the  acid. 
In  the  case  of  the  oxygen-acids,  it  is  only  the  hydrogen  of  the 
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hydroxyl  group  whicli  can  be  replaced.  It  is  a  good  plan  to  write 
out  first  the  graphic  formula  of  the  acid  and  then  to  substitute  the 
metal  in  it,  replacing  one  hydrogen-atom  by  a  monad,  two  by  a 
dyad,  and  so  on. 


SALTS  or  MONADS. 

K  H  SO,,     ^Zo>{  S  C  o)  l-0>  o] 

etc. 


SALTS  OF  DYADS. 

With  monobasic  acids — 


Ba(N03),,      Ba^  ^  }i 

With  bibasic  acids,  two  varieties — 

o  ^~8>(C=0) 
Mg  CO3,  Mg<^>(C=0).  Mg      (CO3),,  Mg<^ 

H— 0>^^*^=°^ 

With  tribasic  acids,  3  varieties— 

H-0.  (2)  Ca,H,  (PO 

(1)  Ca  H,  (PO,  Ca<^  O/ 

H— 0-(P=0)  ^^<0. 
H— 0/  H— 0-(P=0) 


H— O 


(3)Ca3(POJ„  Ca<§  CaH(PO.,) 


H— 0 


With  tetrabasic  acids — 


CajPjO^,  Ca<^>/P=Oi 


Ca<5>,P=0V 
Ca<0>\l'=0/ 
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With  monobasic  acids 


With  bibasic  acids- 


SALTS    OF  TRIADS. 

/CI 

Bi  CI3,  Bi  -Cl 
^Cl 


AL(SO,), 


Al~-0 


With  tribasic  acids - 


AlPO. 


Al^O  -  (P=0) 
1 

Al--0-(P=0) 
^0/ 


Aluminium  is  better  regarded  as  a  tetrad,  as  shown  in  the  dia- 
grams ;  but  it  amounts  to  a  triad,  as  two  of  the  bonds  are  lost  in  the 
double  molecule,  thus: 

AlEE 

I 

Al=: 


SAI-TS    OK    MERCURY  AND  COPPER. 


These  are  always  dyad;  but  in  the  ous-compounds  they  form 
double  molecules,  in  which  two  of  the  four  bonds  are  lost,  thus  • 


Mercuric  chloride, 

Hg  CI,  , 

Ha^Cl 

^g<Cl 

Mercurous  chloride, 
Hg.,  CI.. 

Hg-cr 

Hg-Cl 


Mercuric  sulphate, 
HgSO, 

Mercurous  sulphate, 

Hg.,SO, 
Hg-0 


Hg 


GRAPHIC  FORMULA. 
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SAIiTS  OF  THE  lEON  GEOXJP. 


In  the  ous-compounds  these  are  dyad.  In  the  ic-compounds 
they  are  tetrad,  but  two  of  the  bonds  are  lost  as  in  the  aluminium 
group. 

For  the  ous-salts,  see  "Salts  of  dyads." 
For  the  ic-salts, 
With  monobasic  acids — 


There  still  remain  a  few  special  salts  such  as  bismuth  sub- 
carbonate  and  subnitrate,  borax,  etc.,  which  are  considered  in 
connection  with  the  metals  of  which  they  are  compounds. 


Fe.,  Ir, 


See  salts  of  Aluminium  under  "  Salts  of  triads." 
With  tetrabasic  acids — 

Ferric  pyrophosphate,  Fe^  (P.,07)g, 
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THE  METALS. 


CHAPTEK  VIII. 
.  THE  METALS. 

There  are  over  fifty  metals.  The  number  varies  from  year 
to  year,  for  new  ones  are  being  discovered  and  old  ones 
are  found  out  to  be  only  compounds.  Very  recently  it  has 
been  announced  that  nickel  and  cobalt  are  simply  compounds 
of  one  substance  just  discovered.  Only  twenty-five  are  of 
sufiicient  importance  to  be  discussed  here. 

The  properties  of  the  metals  in  general  are  as  follows  : 

(1)  — Metallic  lustre.    Very  characteristic  but  not  absolute,  for 

C  and  I  possess  it. 

(2)  — Good  conductors  of  heat  and  electricity. 

(3)  — All  solid  at  ordinary  temperatures  but  Hg. 

(4)  — All  are  electropositive,  Cs  being  most  marked. 

(5)  — Color.    Except  Cu  and  Au,  most  of  them  range  from  yel- 

lowish-white to  bluish-white. 

(6)  — With  three  exceptions  all  are  heavier  than  water.  The 

exceptions  are,  in  the  order  of  their  lightness.  Li,  K,  Na. 

(7)  — Nearly  all  are  malleable,  Au  being  the  most  marked. 

(8)  — Most  of  them  are  ductile. 

(9)  — Tenacity  is  fair  in  most  but  very  slight  in  some,  as  Pb. 

(10)  — Fusibility  varies  greatly,  but  all  can  be  melted. 

(11)  — Volatility  is  present  only  in  a  few,  but  probably  exists  in 

all  if  we  could  get  sufficient  heat. 

(12)  — All  are  markedly  insoluble  in  water. 

The  classification  of  the  more  important  metals  has  been 
given  in  the  preceding  chapter.  The  first  six  metals  in  the 
order  of  their  frequency  are  Al,  Ca,  Mg,  Fe.  Na,  K. 

THE  ALKALINE  METALS. 

These  are  Li,  Na,  K,  Rb  and  Cs  and  ammonium  is  usually 
discussed  with  them.    They  have  the  following  characteristics  : 


POTASSIUM. 


All  are  monads,  of  low  specific  gravity,  soft  and  easily  fusi- 
ble :  in  contact  with  water,  they  decompose  it  and  form 
hydroxides,  which  are  called  alkaUes,  and  from  these  the  water 
can  not  be  driven  off  by  heat ;  each  forms  but  one  chloride  ; 
their  carbonates  are  soluble  in  water  and  are  alkaline.  The 
properties  of  an  alkali  consist  in  turning  red  litmus  blue  and 
yellow  turmeric  brown,  saponifying  fats  and  neutralizing  acids  ; 
if  at  all  concentrated  it  is  a  local  irritant  or  even  caustic.  Li,, 
K,  Na  were  discovered  by  Sir  Humphrey  Davy  in  1807-8,  Cs 
and  Rb  in  1860-1  by  Kirchoff  and  Bunsen. 

The  relation  of  the  atomic  weights  is  striking.  There  is  la 
between  Li  and  Na,  and  between  Na  and  K.  There  is  approxi- 
mately 3  times  16  between  K  and  Rb  and  between  Rb  and  Cs. 
They  form  an  homologovis  series  and  are  evidently  compounds, 
2  of  the  series  between  K  and  Rb  and  2  between  Rb  and  Cs  not 
having  been  discovered. 

POTASSIUM— K. 

projxrties.— Bluish-white.  Undergoes  spontaneous  combus- 
tion when  dropped  into  water.  Burns  with  a  purple  flame. 
Its  spectrum  consists  of  a  bright  line  in  the  red  and  another  in 
the  violet. 

Occi(rre?iee.— Never  native.  Very  extensively  distributed  in 
many  rocks,  many  mineral  springs  and  deposits,  in  sea-w-ater, 
in  all  plants  and  animals.    Its  principal  sources  are  : 

(1)  — Argol  or  impure  cream  of  tartar,  the  commercial  name 

for  potassium  tartrate.  This  is  obtained  during  the  fer- 
mentation of  grape-juice. 

(2)  — The  mother  liquor  left  after  crystallizing  out  beet-sugar. 

(3)  _Wool  fat,  which  is  composed  chiefly  of  cholesterin,  but 

contains  some  K. 

(4)  — Large  mineral  deposit  at  Stassfurt,  Germany.    This  is  at 

present  the  chief  source.    The  principal  potassium  com- 
poimd  found  there  is  potassium  chloride,  KCl. 
Preparation. — By  heating  potassium  carbonate  with  C  and 
distilling,  thus  : 

K.2C03+2C=3CO-fK2. 
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POTASSIUM. 


CO  escapes  as  a  gas,  K  distills  over  and  is  collected  under 
naphtha.  It  must  be  re-distilled  since  an  explosive  compound, 
KfiCfiOr,  (?),  is  formed  at  first  to  some  extent. 

Compounds. 

KI,  Potassium  Iodide. — A  white  solid,  fusible,  very  soluble 
in  water,  used  extensively  in  medicine.  Prepared  by  mixing  I 
with  a  solution  of  potassa,  thus 

6KOH-f3I,=5KI+KI03+3H,0. 

In  order  to  get  rid  of  the  iodate  jjresent  the  whole  is  evaporated 
to  dryness,  mixed  with  powdered  charcoal  and  heated  to  red- 
ness, thus 

KI03+3C=3CO+KI. 
It  is  then  filtered  and  crystallized. 

KCl,  Potassium  Chloride. — Very  frequently  found  in  nature. 
Otherwise  not  of  much  importance. 

KBr,  Potassium  Bromide. — Prepared  similarly  to  potassium 
iodide.    Extensively  used  in  medicine. 

K2O,  KiO-2,  K'.Oa,  KkO^,  luCi,  KtO:u — Simply  chemical  curi- 
osities. 

KOH,  Potassium  Hydrate  or  Potassa. — Also  called  caustic 
potash.  It  is  the  strongest  alkaline  substance  known.  A  power- 
ful escharotic.  In' water  forms  a  lye.  and  with  fats  forms 
soft  soaps.  Very  deliquescent  and  easily  "fusible.  May  be 
prepared 

(1) — By  adding  K  to  water,  thus 

K2+2H20=2KOH+H.,. 
The  H  takes  fire  spontaneously. 


POTASSIUM. 
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(3)_By  adding  calcium  hydrate  to  potassium  carbonate,  thus 
Ca(OH).+K.2C03=CaC03+2KOH. 

Z0CO3.  Normal  Potassium  Carbonate.— Called  commercially 
pearl-ash,  being  obtained  chiefly  from  wood-ashes.  White, 
deliquescent,  fusible,  alkaline. 

KHCO3.  Acid  Potassum  Carbonate  or  Bicarbonate.— Also 
called  saleratus.  Not  so  soluble  as  the  normal  salt,  nearly 
neutral  in  reaction.  Used  as  an  antacid  internally  and  in 
cooking. 

KNOs,  Potassium  Nitrate.— klso  called  nitre  and  saltpetre. 
This  occurs  in  large  natural  deposits,  formed  by  the  decompo- 
sition of  animal  matter  in  the  soil.  This  gives  rise  to  nitric 
acid,  which  unites  with  the  potassium  already  existing  in  the 
soil.  This  process  is  initiated  and  aided  by  man  at  present.  A 
white  permanent  salt,  neutral,  quite  soluble  in  water.  Used  to 
some  extent  in  medicine  and  as  an  antiseptic,  but  chiefly  in 
the  manufacture  of  gun-powder.  In  the  ordinary  kind  the 
reactions  are  thus : 

3C+2KN03+S=3C02+K,S+N.2. 

In  blasting-powder  there  is  more  C  and  CO  is  formed  instead 
of  CO  2.  Late  researches  have  shown  that  it  is  not  near  as 
simple  as  shown  in  the  above  equation.  Many  complex  bodies 
are  formed.  One  cubic  inch  of  gun-powder  makes  about  280 
cubic  inches  of  gas.  which  is  under  a  pressure  of  about  40,000 
lbs.  to  the  square  inch,  owing  to  the  temperature. 

KClOs,  Potassium  Chlorate.— Easily  parts  with  its  O  and  is 
used  in  the  manufacture  of  it.  Not  combustible  in  itself,  but 
when  mixed  with  any  combustible  substance  is  explosive.  Used 
in  medicine  to  some  extent,  and  largely  on  the  tips  of  parlor 
matches  to  furnish  the  O  necessary  for  combustion. 

Baking-powders.— JJsed  instead  of  yeast  in  the  making  of 
bread.    Many  are  composed  of  sodium  bicarbonate  and  KHC4 
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SODIUM. 


H4O6,  potassium  bitartrate  or  cream  of  tartar.    This  mixture 
when  heated  becomes  changed  into  H20-f-C02-4-KNaC4H406 
potassium  sodium  tartrate  or  Rochelle  salt.    The  carbon  dioxide 
inflates  the  bread.    Alum  is  also  used  in  baking-powders,  but 
is  considered  by  many  to  be  injurious  to  health. 

SODIUM— Na. 

Properties. — Resemble  those  of  K.  Does  not  undergo  spon- 
taneous combustion  unless  the  water  is  heated  or  the  metal  is 
prevented  from  moving.  Burns  with  a  yellow  flame.  Its  spec- 
trum consists  of  several  bright  lines  in  the  yellow. 

Occurrence. — Never  native,  but  in  its  compounds  universally 
distributed.  Occurs  in  all  rocks,  waters,  air,  plants  and  ani- 
mals. It  is  the  most  abundant  metal  known  which  forms  so 
many  soluble  compounds.  Sea-weeds  prefer  it  to  K,  but  the 
reverse  is  the  case  with  land-plants.  Its  chief  soiu'ce  is  the 
sodiimi  chloride  found  in  sea-water  and  in  brines. 

Preparation. — Made  in  the  same  way  as  K,  but  no  explo- 
sive compound  is  formed. 

Uses. — The  metal  itself  is  chiefly  used  to  make  Al  and  it  is 
the  most  expensive  ingredient  in  the  process.  Its  compounds 
have  many  uses. 

Compounds. 

Na  CI,  Sodium  Chloride. — Common  salt.  Sometimes  occurs 
solid  as  rock-salt.  Found  in  large  quantities  in  the  sea-water 
and  in  brines  from  which  it  is  extracted  by  evaporation  and 
crystallization.  Quite  soluble  in  water  and  about  as  soluble  in 
cold  as  in  hot  water.  Not  deliquescent  ordinarily  but  it  is  often 
contaminated  with  magnesium  and  calcium  chlorides  which 
are  deliquescent.  Is  an  antiseptic  and  on  account  of  this  used 
in  preserving  food,  especially  meat.  Used  in  the  manufacture 
of  hard  soaps. 


Na  Br  and  Na  /—Resemble  in  their  properties,  preparation 


SODIUM. 
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and  uses  the  corresponding  potassium  compounds.  Sodium 
iodide  is  deliquescent. 

NctoO  and  A'a^O^.-Of  no  practical  importance. 

Na  OH,  Sodium  Hydroxide  or  Soda.— Very  similar  in  its 
properties  and  preparation  to  potassa  but  is  less  powerful. 
With  fats  it  forms  hard  soaps. 

Na  NO2,  Sodiiim  Nitrate.— Commonly  called  Chili  saltpetre, 
because  it  occurs  in  large  beds  in  Chili  and  Peru  ;  due  possibly 
to  the  decomposition  of  the  excreta  of  birds.  DeHquescent  and 
hence  cannot  be  used  in  gun-powder.  Used  very  largely 
as  a  manure  and  in  the  manufacture  of  nitric  and  sulphuric 
acids. 

CO3,  Normal  Sodium  Carbonate.— Also  called  sal-soda 
or  washing  soda.  Resembles  in  its  properties  potassium  carbon- 
ate, but  is  efflorescent.  It  is  more  extensively  used,  especially 
in  the  manufacture  of  soaps  and  of  glass.  The  term,  soda,  is 
often  applied  to  this  or  to  the  following  salt : 

NaHCOs,  Acid  Sodium  Carbonate  or  Bi-carbonate,  also 
called  cooking-soda. 

Na<,SOi,  Sodium  SuZp/iafe.— Found  native  in  many  mineral 
springs.  When  combined  with  10  Aq.,  it  is  called  Glauber's 
salt.    Is  used  in  medicine  as  a  purgative. 

Na-2S;0s,  Sodium  Thiosulphate.— Commonly  called  hyposul- 
phite'of  soda.  This  is  largely  used  in  photography.  It  dis- 
solves out  the  silver  salts  which  have  not  been  acted  upon  by 
the  light.    In  that  way  it  fixes  the  negative. 


Na.,B,0,,  Sodium^  Biborate  or  Borax.— The  proper  name  for 
this  is  disodic  pentametatetraborate.     Efflorescent  and  not 


AMMONIUM. 


very  soluble.  Used  in  medicine  and  largely  in  blow-pipe  ex- 
periments.   Its  grapic  formula  is 

B    R     B  B 

o  o  j  o  o  o 
o  o 


LITHIUM— IJ. 

Properties.— Besemhle  those  of  Na  and  K,  but  are  weaker. 
Its  spectrum  shows  one  bright  line  in  the  red  and  a  paler  line 
in  the  yellow.  Is  extensively  distributed  but  always  in  very 
minute  quantities.    Never  native. 

Covipounds. — Of  but  little  importance.  They  were  formerly 
used  internally  for  dissolving  renal  calculi.  It  was  thought 
they  would  form  the  freely  soluble  lithium  urate  with  uric 
acid,  but  this  does  not  occur. 


CESIUM— CS. 

AND 

RUBIDIUM— RB. 

These  are  two  rare  metals,  belonging  to  this  group.  They 
occur  only  in  traces  and  were  discovered  by  spectrum  analysis. 
Of  no  importance. 

AMMONIUM. 

This  a  monad  comjiound  radical,  having  the  composition 
(NII4)'.  In  all  its  chemical  properties  it  resembles  potassium 
very  closely  and  for  convenience  is  described  with  the  alkaline 
metals. 

Properties. — It  has  probably  never  been  isolated.  It  lias  been 
supposed  to  form  an  amalgam  with  Hg  but  this  is  very  doubtful. 


AMMONroM. 
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Compounds. 

NHiOH,  Ammonium  Hydrate. — This  is  probably  formed 
when  ammonia  is  dissolved  in  water,  which  at  ordinary  temper- 
atures will  take  up  about  700  times  its  volume  of  ammonia. 
The  solution  is  called  officinally  AquaAmmoniae  and  commonly 
ammonia.  It  resembles  in  its  properties  potassa  but  will  not 
saponifj-  fats.    Is  not  as  powerful  a  caustic. 

NHiC'l,  A7)imonium  Chloride. — Commonly  called  sal  ammo- 
niac. Obtained  from  the  ammoniacal  liquor  of  the  gas-works 
by  adding  hydrochloric  acid,  crystallizing  and  purifying.  Vol- 
atile and  not  decomposed  by  sublimation,  freely  soluble.  Used 
considerably  in  medicine. 

iNHi)o  CO3,  Ammonium  Carbonate. — A  white  unstable  salt. 
When  exposed  to  the  air  gives  off  ammonia,  NH3,  and  becomes 
changed  into  the  bicarbonate. 

NH4HCO3,  Ammonium  Bi-carbonate. — A  white,  fairly  stable 
salt,  soluble.  The  officinal  Ammonii  Carbonas  is  a  mixture 
of  the  bi-carbonate  and  carbamate  of  ammonium  and  its  chemi- 
cal formula  is  NH4HCO3.  NH4NH2CO2.  The  common  name 
is  sal  volatile.  "When  dissolved  in  water  the  carbamate  becomes 
changed  into  cai'bonate  ;  when  exposed  to  the  air  it  becomes 
bi-carbonate. 


NH2OHCO,  Carbamic  Acid. — This  is  carbonic  acid  in  which 
the  monad  radical,  NH2,  amidogen,  has  replaced  one  hydroxyl. 


Its  graphic  formula  is  jj. 


If  another  hydroxyl  is  replaced  by  amidogen  it  forms 
{NHi)^  CO,  Carbamide  or  Urea,  thus :  -rr 
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BAEIUM. 


This  is  isomeric  with  Ammonium  Cyanafe  wliich  readily  de- 
composes into  urea.    Its  graphic  formula  is  jj 

W 


METALS  OF  THE  ALKALINE  EARTHS. 

These  are  Ba,  Sr  and  Ca.  They  are  all  dyads,  of  a  light  yel- 
low color,  a  little  heavier  than  water.  They  decompose  water, 
forming  strong  basic  oxides,  caustic,  which  in  combination 
with  water  form  feebly  soluble  hydroxides.  Their  carbonates 
are  almost  insoluble  in  water  and  are  not  alkaline.  Each 
forms  but  one  chloride. 

BARIUM—BA. 

Occurrence. — Never  native.  Fairly  abundant,  occurring  as 
the  sulphate,  heavy-spar,  and  the  carbonate. 

Compounds. 

BaO,  Barium  Monoxide  or  Baryta. — This  when  combined 
with  water  forms  the  hydrate,  Ba  (OH)2,  which  is  sparingly 
soluble  in  water.  Baryta-water  is  used  considerably  instead  of 
lime-water  as  a  test  for  carbon  dioxide,  with  which  it  forms  an 
insoluble  barium  carbonate,  Ba  COg. 

.  BaOi,  Barium  Dioxide.— This  used  considerably  for  prepar- 
ing hydrogen  peroxide  ;  thus, 

Ba02-fH2S04=:BaS04+H20o. 

Ba  Ch,  Barium  Chloride. — A  white,  soluble  salt,  used  con- 
siderably as  a  test  for  sulphuric  acid  and  soluble  sulphates, 
with  which  it  forms  the  very  insoluble  barium  sulphate. 

All  soluble  salts  of  Ba  are  poisonous.  The  chemical  antidote 
is  any  soluble  sulphate,  such  as  Epsom  salt,  Glauber's  salt,  etc. 


STRONTIUM— CALCIUM. 
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STRONTIUM— Sr. 

A  rather  rare  metal,  never  native,  occurring  as  the  carbonate 
and  sulphate.  Not  of  much  importance,  the  only  practical  use 
of  its  salts  being  in  the  formation  of  "  Red  Fire." 


CALCIUM— Ca. 

Occurrence.~i:he  second  most  abundant  metal  in  nature. 
Never  native.  The  most  important  forms  in  which  it  is  found 
are  : 

(^l)_Calcium  silicate.  WoUastonite. 

(3)— Calciimi  carbonate.  Iceland  spar,  lime-stone,  chalk,  coral, 
marble,  etc.  All  the  carbonate  is  of  animal  origin,  usu- 
ally due  to  the  skeletons  and  shells  of  minute  animalcules. 

(3)  — Calcium  sulphate  +  2Aq.  Gypsum,  alabaster,  selenite. 

(4)  — Calcium  chloride.    Found  in  many  mineral  waters. 

(5)  — Calcium  fluoride.  Fluorspar. 

(6)  _Calcium  phosphate  with  the  chloride  and  fluoride.  Apatite. 

(7)  — In  animals  and  plants  as  the  phosphate  and  carbonate  in 

combination  with  organic  matter. 
The  metal  itself  is  of  little  use. 


Compounds. 

CaO,  Calcium  Oxide  or  Lime.— White,  infusible,  escharotic. 
Prepared  by  heating  calcium  carbonate,  thus 

CaC03+heat=CaO-fC02. 

When  mixed  with  water  it  takes  up  one  molecule  with  the 
development  of  considerable  heat.  This  forms  calcium  hydrate, 
Ca(OH).  or  slaked  lime.  Slaked  lime  is  alkaline,  slightly  solu- 
ble in  water,  more  so  in  cold  than  hot.  One  pint  of  water  at 
the  ordinary  temperatiu-e  dissolves  about  11  grains.  Lime- 
water  is  used  considerably  in  medicine  and  as  a  test  for  carbon 
dioxide. 

Mortar  is  a  mixture  of  slaked  li:ne  with  water  and  coarse, 
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clean,  sharp  sand.  It  hardens,  owing  to  the  absorption  of  car- 
bon dioxide  from  the  atmosphere,  thus 

Ca(OH)2+C02=CaC03+H20. 

The  sand  also  gradually  combines  with  the  slaked  lime  to  form 
a  silicate. 

Hydraulic  cements  consist  usually  of  clay,  quick-lime  and 
iron  oxides,  very  carefully  burnt.  When  this  mixture  is  wet 
with  water,  a  crystalline  hydrated  silicate  of  Al,  Fe  and  Ca  is 
formed.    This  is  insoluble  in  water  and  sets  under  it. 

CaSOi,  Calcium  Sulphate. — This  occurs  native,  combined 
with  2Aq,  and  then  is  called  gypsum.  When  heated  this  gives 
off  the  2Aq  and  can  be  powdered,  forming  plaster  of  Paris. 
When  mixed  with  water,  this  again  becomes  crystalline  from 
taking  up  water  and  sets.    It  is  slightly  soluble  in  water. 

CaCOa,  Calcium  Carbonate, — Very  extensively  distributed 
in  nature.  Almost  insoluble  in  water,  but  with  carbon  dioxide 
forms  a  bicarbonate,  CaHaCCOs)^,  which  is  quite  soluble.  The 
solution  is  neutral  and  can  be  decomposed  simply  by  boiling. 

Calcium  Phosphates.— Vevj  important.   Three  in  number  : 

(1)  — Ca:i{POi)-i,  tricalcic  orthophosphate,  also  called  bone  phos- 

phate. This  is  the  chief  inorganic  constituent  of  bone. 
Insoluble  in  water  and  hence  worthless  for  manure. 

(2)  —Ca2Hi{POi)-i  or  CaHPOi,  dicalcic  orthophosphate,  also 

called  reverted  phosphate,  insoluble  in  pure  water. 

(3)  — CaHi{POi)-i,  monocalcic  orthophosphate,  also  called  soluble 

phosphate,  superphosphate  and  acid  phosphate.  This  is 
soluble  in  water  and  is  used  very  extensively  as  a  manure. 
It  is  prepared  from  (1)  by  means  of  sulphuric  acid. 

Chloride  of  Lime.— See  page  15. 
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MAGNESIUM— Mg. 

Occurrence. — Never  native  but  very  abundant.  Usually  asso- 
ciated with  Ca.    Occurs  in  the  following  forms  : 

(1)  — Magnesium  carbonate.  Magnesite. 

(2)  —       "         and  calcium  carbonates.  Dolomite. 

(3)  —       "         silicate.    Talc,  steatite,  meerscham. 

(4)  —       "         and  calcium  silicates.  Asbestos. 

(5)  —       *'         sulphate.    Epsom  salt. 

(6)  —       "         chloride. — In  sea-water  and  many  mineral 

springs. 

(7)  — Ammonio — magnesian  phosphate.    In  guano  and  decom- 

posing urine. 

(8)  — In  all  plants  and  animals  in  association  with  Ca  and  simi- 

larly combined. 
Preparation. — By  heating  the  chloride  with  metallic  Na ; 
thus, 

Mg  Cl2+2Na=2NaCl-f  Mg, 

or  by  decomposing  the  fused  chloride  by  electricity. 

Properties. — A  brilliant  white  metal,  a  little  heavier  than 
water,  fusible  and  volatile  at  a  bright  red-heat.  Permanent  in 
5iry  air  but  oxidized  in  moist  air.  Burns  with  a  brilliant  light, 
so  rich  in  actinic  rays  that  it  is  used  for  photographing.  It  pro- 
duces mnch  smoke. 

Compounds. 

MgCU,  Magnesium  Chloride. — A  white,  very  deliquescent 
salt,  found  in  sea- water  and  many  mineral  springs.  Forms  with 
magnesia  an  oxychloride  Mg^OCla,  the  graphic  formula  of 
which  is  Mg.   CI 

>o 
Mg   CI 


This  is  very  hard  and  is  used  for  making  statues  and  artificial 
stone. 
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MgO,  Magnesium  Oxide  or  Magnesia.— A  white  almost  in- 
fusible powder.  "When  moistened  with  water  it  shows  an  alka- 
line reaction  and  combines  with  it  very  slightly  to  form  a 
hydrate,  Mg  (0H)2.  This  is  almost  insoluble  in  water  and  the 
solution  is  not  alkaline.  "When  kept  in  suspension  in  water,  it 
constitutes  "milk  of  magnesia."  Although  very  faintly  alka- 
line, it  will  neutralize  acids  well  and  is  used  for  that  purpose. 

MgSOi,  Magnesium  Sulphate— A.  white,  soluble  salt,  found 
in  many  waters  combined  with  7  Aq.    Commonly  called  Epsom 
.    salt.    Used  as  a  purgative. 

MgCOa,  Magnesium  Carbonate. — Insoluble  in  pure  water 
but  soluble  in  water  containing  carbon  dioxide,  with  which  it 
forms  a  bi-carbonate,  MgH2(COs)2.  The  officinal  Magnesii  Car- 
bonas,  formerly  called  magnesia  alba,  is  a  mixture  of  magne- 
sium carbonate  and  hydrate  in  varying  proportions.  It  is 
prepared  by  mixing  hot  solutions  of  magnesiu.m  sulphate  and 
potassum  carbonate  and  boiling  :  thus, 

2K2C03+2MgS04+H20=aK2S04+MgC03+Mg(OH)2+C02. 

If  the  solutions  are  concentrated,  the  precipitate  is  dense  ;  if 
dilute,  it  is  light  and  bulky.  » 

ZINC— Zn. 

Occurrence. — Never  native.  Fairly  abundant,  occurring 
chiefly  as 

(1)  — Zinc  sulphide.  Zinc-blende. 

(2)  — Zinc  carbonate.  Calamine. 

These  ores  are  usually  associated  with  Pb. 

Preparation. — The  ores  are  roasted,  then  mixed  with  pow- 
dered coal  and  heated.  At  a  red-heat,  the  Zn  distils  over  and 
is  collected,  carbon  monoxide  being  separated. 

Properties. — Bluish- white,  more  volatile  than  most  metals > 
brittle  at  ordinary  temperatures.  If  heated,  to  120°  C,  it  be- 
comes malleable  ;  if  it  is  rolled  or  hammered  while  at  that  tern- 
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perature,  it  retains  its  malleability  on  cooling.  It  tarnishes  a 
little  in  air,  forming  the  oxide.  Next  to  Fe,  it  is  one  of  the 
cheapest  metals.    Of  high  electropositive  value. 

Uses. — Rolled  out  in  sheets,  it  is  used  very  largely  as  a  pro- 
tective. Also  used  considerably  as  the  positive  element  in  gal- 
vanic batteries.  Galvanized  iron  consists  of  sheet-iron  covered 
with  Zn.  Zn  enters  into  many  alloys,  forming  with  Cu,  brass 
and  with  Ni  and  Cu,  German  silver. 

Compounds. 

ZnCU,  Zinc  Chloride. — Very  deliquescent,  fusible  and  caus- 
tic. Very  poisonous.  The  antidotes  are  the  alkalies  or  their 
carbonates.  Used  in  soldering  copper  surfaces,  in  preserving 
timber,  in  embalming  bodies  and  as  an  escharotic.  It  forms  an 
oxychloride  similar  to  that  of  Mg  and  used  for  making  artifi- 
cial teeth. 

ZnO,  Zinc  Oxide,  also  called  zincite  or  zinc-white.  A  white, 
insoluble  powder  ;  prepared  by  heating  the  carbonate  :  thus, 

ZnC03+  heat=ZnO+C02. 

Used  in  medicine  externally,  and  as  a  pigment.  Its  advan- 
tages over  white  lead  are  that  it  does  not  blacken  on  exposure  ot 
sulphur-fumes,  because  it  forms  a  white  sulphide,  and  it  is  not 
poisonous. 

ZnSOi,Zinc  Sulphate.— With  7  Aq,  this  forms  white  vitriol. 
A  white,  permanent  salt,  a  good  antiseptic  and  disinfectant. 
Used  in  medicine  as  an  emetic,  as  a  counter-irritant  and 
caustic. 

CADMIUM— Cd. 

Sources,  e^c— Most  zinc-ores,  especially  the  blende.  It  is 
more  volatile  than  Zn  and  is  carried  over  in  the  first  part  of 
the  distillate,  from  which  it  is  afterwards  purified.  The  only 
use  of  the  metal  is  to  form  part  of  alloys  and  in  that  way  lower 
their  melting-point. 
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Compounds. 

CdS,  Cadmium  Sulphide. — A  yellow  salt,  used  as  a  pigment. 
Better  than  chrome  yellow,  (lead  chromate),  for  it  does  not 
blacken  on  exposure  to  sulphur-fumes,  being  already  saturated 
w-ith  S. 

g^&f  J"C™«e  [    Much  used  in  photography. 


LEAD— Pb. 

Sources. — Never  native.    Occurs  chiefly  in  the  form  of 
(1) — Lead  sulphide.  Galena. 
(3) — Lead  carbonate.  Cerusite. 

Nearly  all  lead  ores  contain  a  certain  proportion  of  Ag. 

Preparation. — By  continued  roasting,  the  S  or  the  CO3  is 
completely  driven  off. 

Properties. — A  soft,  bluish-  white  metal,  with  very  little 
tenacity.  Melts  at  315°  C.  In  moist  air  slowly  tarnishes  with 
the  formation  of  a  suboxide.  For  the  action  of  water  on  Pb. 
see  page  33. 

Uses. — Very  extensively  in  the  form  of  water-pipes,  roofing, 
tanks,  etc. 

Compounds. 

PbO,  Plumbic  Monoxide.    Litharge.  1  Not  of 

PbOi,  Plumbic  Dioxide.  Found  in  storage  batteries.  (  much 
PbsOi,  Triplumbic  Tetroxide.    Red  lead.  f  impor- 

PbiO,  Plumbic  Suboxide.  j  tance. 

PbCrOi,  Lead  Chromate. — Chrome  yellow.    Used  consider- 
ably as  a  pigment. 

Pb{C-iHiO-i)i,  Lead  Acetate,  also  called  sugar  of  lead.  A  white, 
soluble,  efflorescent  salt ;  has  a  faint  odor  of  vinegar  and  a 
sweetish  taste,  becoming  astringent.  Used  with  alum  in  dye- 
printing  to  act  as  a  mordant.    Used  considerably  in  medicine. 
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PbS,  Lead  Suli^Mde. — A  black,  crystalline,  insoluble  salt, 
occurring  native.  Formed  whenever  sulphuretted  hydrogen 
comes  in  contact  with  a  lead-salt.  It  is  this  which  makes  the 
lead  pigments  so  objectionable  in  places  where  there  is  liable 
to  be  decomposing  animal  matter.  The  only  advantage  is  that 
it  may  show  that  the  air  is  contaminated  with  decomposing 
organic  matter  in  places  where  that  ought  not  to  obtain  access. 

White  Lead. — This  is  the  common  name  for  the  officinal 
Plumbi  Carbonas.  It  is  really  a  mixture  of  lead  carbonate, 
PbCOa,  and  lead  hydrate,  Pb(OH)2.  It  is  used  very  extensively 
as  a  pigment.    In  medicine,  used  to  some  extent  externally. 

Lead-plaster.  This  is  really  lead  oleate.  It  is  formed  by 
heating  litharge  and  water  with  olive  oil,  which  consists 
chiefly  of  olein,  glycerine  oleate  ;  thus, 

2aH5(CiBH330.)3+3PbO+3H.O=3C3H5(OH)3+3Pb(C,.,H330..).. 

All  soluble  salts  of  Pb  are  acute  irritant  poisons.  The 
chemical  antidote  is  any  soluble  sulphate,  which  forms  an  in- 
soluble lead  sulphate. 

Chronic  Plumbism. — The  sources  for  the  lead  in  this  disease 
are  almost  innumerable ;  lead-pipes,  lead-tanks,  face-washes, 
hair-dyes,  paints,  all  manufactures  connected  with  lead,  and 
many  alloys. 

COPPER— Cu. 

Sources.— {!) — Native,  especially  in  the  Michigan  mines. 

(2)  — Cupric  sulj)hide.    Copper  glance, 

(3)  — Copper  and  iron  sulphide.    Copper  pyrites. 

(4)  ■  -Cupric  carbonate.  Malachite. 

(5)  — Cuprous  oxide.    Cuprite  or  Red  oxide. 

It  occurs  in  a  few  other  conditions,  but  these  are  the  chief  ones. 

Properties. — A  reddish  metal,  about  nine  times  as  heavy  as 
water,  very  tenacious,  ductile  and  malleable.    Fusible  and 
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slightly  volatile.  Permanent  in  dry  air,  but  in  moist  becomes 
covered  with  a  green  crust  of  the  carbonate.  - 

Uses. — Chiefly  in  alloys,  although  to  some  extent  pure.  With 
Zn  it  forms  brass  and  muntz-metal.  With  Sn  it  forms  bronze, 
gun-metal,  speculum-metal,  etc.  Many  of  these  alloys  contain 
small  quantities  of  Pb.  With  P  it  forms  phosphor-bronze  and 
with  AI,  aluminium-bronze.  It  enters  into  the  alloys  of  gold 
and  silver  coins. 

Compounds. 

Cu  forms'two  sets  of  compounds,  the  cuprous  and  the  cupric. 
The  former  are  few  and  unimportant,  excepting  the  oxide. 
For  the  construction  of  the  two  sets  see  under  "Graphic 
Formula},"  page  56. 

'CuiC^HsOi),  Cupric  Acetate.— This  is  a  salt  used  in  medi- 
cine, called  officinally  Cupri  Acetas.    Quite  soluble. 

CuSOa,  Cupric  Sulphate. — When  combined  with  5Aq,  called 
blue  vitriol.  Quite  soluble.  Used  considerably  in  medicine  as 
a  mild  escharotic  and  emetic.  Is  an  essential  ingredient  of 
•  Daniell's  galvanic  battery. 

This  forms  with  a  solution  of  ammonia  a  double  salt,  Cupro- 
diammonium  Sulphate,  (NH3)2  Cu  SO4.  It  is  used  as  a  test  for 
As,    Its  graphic  formula  is  H\ 


All  soluble  copper  salts  are  poisonous.  The  antidotes  are 
potassium  ferrocyanide,  the  alkalies  and  their  carbonates,  and 
the  albumens,  such  as  milk,  white  of  eggs,  etc. 
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MERCURY— Hg.  ' 

Sources. — Almost  entirely  as  mercuric  sulphide,  cinnabar, 
in  which  a  little  metallic  Hg  is  found. 

Preparatio7i— By  roasting  the  sulphide,  the  S  is  oxidized  to 
SO-2  and  escapes  while  the  Hg  distills  over. 

Properties.— A  silver- white,  lustrous  metal,  liquid  at  ordinary 
temperatures,  volatile  at  all  temperatures  above— 13°  C.  Solid 
at  —38.8*='  C.  and  boils  at  350"  C.  Its  specific  gi-avity  is  13.59, 
Unaltered  in  the  air  at  ordinary  temperatures,  but  above  300°  C. 
it  forms  mercuric  oxide.  Like  Cd,  its  molecule  in  the  state  of 
vapor  consists  of  but  one  atom.  It  is  sometimes  adulterated 
with  Pb  or  Sn,  and  if  so,  drops  of  the  metal  when  rolled  become 
tailed  instead  of  remaining  spherical. 

Uses.— To  make  amalgams  ;  in  thermometers,  barometers, 
etc.  Its  salts  are  much  used  in  medicine.  The  fulminate  is 
used  in  percussion-caps. 

Compounds. 

Like  Cu,  it  forms  two  sets  of  compounds,  mercurous  and 
mercuric,  both  very  important.  For  their  construction  see 
"  Graphic  Formulae,"  page  56. 

Hg^CU,  Mercurous  C/iZoride.— Commonly  called  calomel. 
The  officinal  name  is  HydrargyH  Chloridnm  Mite.  It  is  a 
heavy,  white,  insoluble  powder,  volatile.  May  be  prepared  in 
several  different  ways : 

(1)— By  heating  Hg  with  mercuric  chloride  : 
Hg+HgCl2=Hg.,Cl,.  - 

(3)— By  adding  Hg  and  sodium  chloride  to  mercuric  sulphate 
and  heating : 


Hg+2NaCl+HgS04=Hg-2Cl2-fNa2S04. 
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(3)  — By  mixing  a  solution  of  mercurous  nitrate  with  one  of 

sodium  chloride : 

Hg,(N03)2+3NaCl=:3NaN03+Hg2Cl2. 

(4)  — By  mixing  a  solution  of  mercurous  nitrate  with  one  of 

mercuric  chloride  : 

Hg2(N03),+HgCl2=Hg2Cl24-Hg(N03)2. 

HgCU,  Mercuric  Chloride.— Also  called  corrosive  sublimate 
and  bichloride  of  mercury.  The  officinal  name  is  Hydrargyri 
Chloridiun  Corrosivum.  A  white,  volatile  salt,  soluble  in  16 
parts  of  cold  water  and  freely  in  alcohol  and  ether.  Is  strongly 
antiseptic.  Very  poisonous,  the  antidote  being  albumen.  Is 
prepared  by  subliming  mercuric  sulphate  with  sodium  chlo- 
ride :  thus, 

HgS04+3NaCl=Na2S04+HgCl2. 
May  be  made  by  heating  Hg  in  CI. 

Hg^ili,  Mercurous  Iodide.— Also  called  protiodide.  The  offi- 
cinal name  is  Hydrargyri  lodidum  Viride.  A  yellowish-green, 
insoluble  salt,  prepared  by  mixing  solutions  of  potassium 
iodide  and  mercurous  nitrate  :  thus, 

Hg.(N03)2+2KI =HgJ.-f  2KNOs . 

Hgl-i,  Mercuric  Iodide.— Also  called  biniodide.  The  officinal 
name  is  Hydrargyri  lodidum  Bubruvi.  A  bright-rtd,  taste- 
less, odorless  powder,  almost  insoluble  in  water,  sparingly  sol- 
uble in  alcohol,  freely  soluble  in  solution  of  potassium  iodide 
or  mercuric  chloride.  Prepared  by  mixing  solutions  of  mer- 
curic chloride  and  potassium  iodide  together  :  thus, 

HgCl.-|-2KI=HgI.-i-3KCl. 

If  the  potassium  iodide  is  in  excess,  it  foims  with  the  mercuric 
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iodide  a  definite  conipoimd,  Hgla.  2KI,  which  in  a  solution  of 
potassa -constitutes  the  Nessler  re-agent. 

HgiO,  Mercurous  Oxide. — An  almost  black,  heavy,  insoluble 
powder.  It  is  the  essential  ingredient  of  "  black  wash,"  which 
is  made  by  mixing  mercurous  chloride  with  lime-water  :  thus, 

Hg2Cl2+Ca(OH). = HgsO+CaCl 

HgO,  Mercuric  Oxide. — This  exists  in  two  forms,  both 
insoluble  : 

(1)  — A  yellow,  amorphous  powder,  called  officinally  Hydrar- 

gyri  Oxidum  Flavum;  prepared  by  mixing  a  solution 
of  mercuric  chloride  with  liquor  potass^  :  thus, 

HgCl2+2KOH =HgO+2KCl+H20. 

(2)  — A  red.  crystalline  powder,  called  officinally  Hydrargyri 

Oxidum  Rubrum.  Prepared  by  heating  mercuric  ni- 
trate ;  thus, 

Hg(N03)2+heat=HgO+N.05, 

the  nitrogen  pentoxide  going  off  as  vapor. 

Hg-i(N03)2,  Mercurous  Nitrate. — A  white,  soluble  salt,  pre- 
pared by  acting  with  dilute  nitric  acid  on  ITg  :  thus, 

6Hg+8HN03=3Hg2(N03)2+N.02+4H20. 

Hg{N03)'2,  Mercuric  Nitrate. — A  white,  deliquescent  salt, 
prepared  by  acting  with  concentrated  nitric  acid  on  Hg  :  thus, 

3Hg+8HN03=3Hg(N03)2+N20a+4H20. 

A  solution  of  this  in  dilute  nitric  acid  constitutes  the  officinal 
Liquor  Hydrargyri  Nitratis. 

HgSOi,  Mercuric  Sidphate. — A  white  crystalline  salt,  decom- 
posed by  water  with  the  formation  of  a  basic  salt,  Hg  SO4. 
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2HgO.  This  is  the  officinal  Hydrargyri  Subsulphas  Flavus, 
commonly  called  turpeth  mineral.    Its  graphic  formula  may 


If  the  washing  is  long  continued,  all  the  sulphuric  oxide  will 
be  washed  away,  leaving  only  the  mercuric  oxide. 

NH^HgCl,  Mercuramrnonium  Chloride.— A  white,  votatile 
precipitate,  infusible  because  it  volatilizes  before  melting,  called 
officinally  Hydrargyrum  Ammoniatiim.  It  is  prepared  by  mix- 
ing a  solution  of  mercuric  chloride  with  aqua  ammonias  :  thus, 

HgCl2+2NH40H=NH.HgCl+NH4Cl+2H.O. 

(NHs)iHgCl2,Mercuro-diammonium  Chloride.—Fusihle  white 
precipitate. 

NHg-il,  Dimercurammonium  Iodide,— This  is  the  salt  formed 
by  the  Nessler  re-agent  with  ammonia  :  thus, 

2(HgI..  2KI)+NH3+3KOH=NHgJ-|-7KI-f-3H.O. 

It  constitutes  the  most  dehcate  reaction  known  for  ammonia. 


Sowrces.— Occurs  native  to  some  extent,  but  its  principal 
ores  are  the  sulphide,  carbonate,  bromide  and  chloride.  It  is 
always  associated  with  other  metals,  especially  Pb  and  Au. 

Preparation.— The  ore  is  roasted  with  sodium  chloride, 
which  forms  silver  chloride.  It  is  then  agitated  with  iron 
scraps  and  the  metal  is  precipitated  :  thus. 


Hg  is  now  added,  forming  an  amalgam  with  Ag,  which  is 
separated  by  washing.  The  amalgam  is  then  heated,  Hg  is 
distilled  off  and  metallic  Ag  left  behind. . 


be  expressed  thus  :  jjg 


SILVER— Ag. ; 


6AgCl-f  2Fe = Fe.2Cl9+6  Ag. 
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Properties.— A  white,  lustrous  metal,  very  malleable  and 
ductile ;  probably  the  best  conductor  of  heat  and  electricity 
known.  Fusible  but  does  not  oxidize  at  any  temperature  and  is 
unaffected  by  water.  It  is  but  feebly  attacked  by  hydrochloric 
acid,  rather  more  by  sulphuric,  and  is  easily  dissolved  by  nitric 
acid,  forming  silver  nitrate. 

Uses— The  pure  metal  is  but  little  used,  on  account  of  its 
softness,  but  alloyed  with  Cu,  it  is  used  very  extensively  for 
ornaments,  coins,  etc.  The  silver  coins  of  the  United  States 
contain  90  per  cent,  of  Ag  and  10  per  cent.  Cu.  Those  of 
Great  Britain  contain  92.5  per  cent,  of  Ag  and  7.5  per  cent,  of 
Cu.    It  is  also  added  to  Au  to  increase  its  hardness. 

Compounds. 

AgCl,  Argentic  Chloride.— A  heavy  white  precipitate,  insolu- 
ble in  water  or  nitric  acid  ;  soluble  in  ammonia  but  reprecipi- 
tated  from  that  on  the  addition  of  nitric  acid.  It  blackens  on 
exposure  to  light,  even  if  pure  but  much  more  rapidly  if  or- 
ganic matter  is  present,  forming  a  subchloride,  AgiCls,  and 
liberating  CI.  On  this  account  it  is  much  used  in  photography. 
It  is  easily  dissolved  by  sodium  thiosulphate. 

AgBr,  Argentic  Bromide.— Resembles  very  closely  the  pre- 
ceding.   Much  used  in  photography. 

Agl,  Argentic  Iodide.— Resembles  the  chloride  but  is  more 
stable  ;  does  not  blacken  unless  there  is  some  substance  present 
capable  of  taking  up  the  liberated  I.  Is  not  soluble  in  am- 
monia.   Used  extensively  in  photography. 

AgNOs,  Argentic  Nitric— A  white,  fusible,  soluble  salt,  pre- 
pared by  acting  on  Ag  with  nitric  acid.  When  melted  and 
cast  into  sticks  it  is  called  officinally  Argenti  Nitras  Fusus, 
commonly  lunar  caustic.  It  is  a  superficial  caustic,  forming 
an  albuminate  of  Ag  which  darkens  on  exposure  to  the  light 
from  its  reduction  to  silver  oxide,  Ag^O,  and  metallic  Ag. 
Besides  its  use  in  medicine,  silver  nitrate  enters  into  the  com- 
position of  indelible  inks  and  is  much  used  in  photography.  It 
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is  poisonous,  the  antidote  being  any  soluble  chloride,  such  as 
common  salt,  which  forms  the  insoluble  silver  chloride. 

ALUMINIUM— Al. 

Occurrence. — The  most  abundant  metal  known.  Never 
native.  Occurs  as  a  silicate  in  felspar  and  clay,  in  corundum 
and  its  varieties,  emery,  ruby  and  sapphire,  in  the  emerald. 

Properties. — A  white  metal,  very  tenacious,  malleable  and 
ductile.  Very  light,  its  specific  gravity  being  only  2.6.  It 
can  be  made  very  rigid.  As  a  conductor  of  heat  and  elec- 
tricity, it  is  inferior  only  to  Ag,  if  at  all.  It  is  not  affected 
by  the  air  or  moisture  or  sulphuretted  hydrogen.  It  is  not 
attacked  by  ordinary  acids  except  hydrochloric  but  is  readily 
dissolved  by  caustic  potash  and  soda. 

Preparation. — By  heating  the  fused  chloride  with  metallic 
Na;  thus,  Al2Cl6+6Na=6NaCl+2Al. 

Uses. — It  is  not  much  used  at  present,  owing  to  its  high 
price.  It  has  some  uses  in  astronomical  instruments  and  jew- 
elry. On  account  of  its  abundance  and  the  important  qualities 
it  possesses,  it  will  be  extensively  used  as  soon  as  a  cheap  way 
of  preparing  it  can  be  found.  As  this  age  is  known  as  the 
Iron  Age  and  the  preceding  one  the  Bronze  Age,  so  the  suc- 
ceeding one  will  be  called  the  Aluminium  Age. 

Compounds. 

Al  is  a  tetrad  but  it  is  always  doubled  in  the  molcule  and 
thus  two  of  the  bonds  are  lost,  making  the  double  atom  sex- 
valent.   See  under  "  Graphic  Formulae, "  page  56. 

AhOs,  Aluminium  Oxide  or  Alumina. — A  heavy,  white  sub- 
stance, forming  with  water  Al2(OH)6,  aluminium  hydrate.  This 
latter  is  used  in  dyeing  as  a  mordant,  since  it  makes  insoluble 
compounds  called  lakes,  with  the  vegetable  colors. 

Al-i{S0^)3,  Aluminium  Sulphate. — A  white,  crystalline  pow- 
der, freely  soluble.    Used  as  a  styptic  and  antiseptic. 
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Al<iK-i{SOi)i~Potassio- Aluminium  Sulphate  or  Alum. --A 
colorless,  crystalline  salt,  containing  24Aq.,  with  a  sweetish 
astringent  taste,  quite  soluble.  It  is  used  considerably  in  med- 
icine, in  baking-powders,  in  dyeing,  etc.     Its  graphic  ior\i\- 

ulais:j^_0 

AlvO\  ^^O 

Alf  0>  S 
K— O^^^O 

The  salt  described  above  is  the  officinal  Alumen  but  there  are 
many  other  alums,  all  isomorphous  with  potash-alum.  Thus  K 
in  the  above  compound  can  be  replaced  by  Na,  Li,  Cs,  Rb,  am- 
monium, Ag  or  Tl.  The  Al  can  be  replaced  by  Fe,  Cr,  and 
Mn,  In  the  latter  case  it  seems  hardly  correct  to  call  it  an 
alum,  but  the  terms,  chrome-alum,  iron-alum,  etc. ,  are  very 
commonly  used. 

Porcelain.— Is  compact  and  translucent.  Made  from  the  fol- 
lowing materials  : 

(1)  — Kaolin,  a  very  pure  clay  (aluminium  silicate). 

(2)  — Pulverized  quartz  (silica),  which  prevents  shrinking  dur- 

ing baking. 

3) — Felspar  (aluminium  and  potassium  silicate),  which  acts  as 
a  flux. 

The  glazing  is  made  from  the  same  materials  but  contains 
more  felspar. 

Stone- WARE.— Is  compact  but  opaque.  Made  from  clay  con- 
taining ferric  oxide  and  lime,  on  account  of  which  it  is  partly 
fusible.  The  glazing  is  done  by  sodium  chloride,  which  is  de- 
composed and  forms  a  sodium  silicate. 

Earthenware.— Is  porous.  Made  from  clay  containing  a 
little  felspar  and  silica,  which  render  it  partly  fusible.  The 
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glazing  consists  largely  of  Pb  and  is  dangerous  from  its  liabil- 
ity to  be  attacked  by  acids. 

Glass. — Consists  of  the  silicates  of  at  least  two  bases  with  an 
excess  of  silica.  There  are  several  varieties,  the  more  impor- 
tant being 

(1)  — Crown-glass,  containing  Na,  Ca  and  Si. 

(2)  — Bohemian  glass,  containing  K,  Ca  and  Si. 

(3)  — Flint-glass,  containing  K,  Pb  and  Si. 
Green  glass  usually  contains  some  Fe. 

There  is  a  group  of  five  elements  which  have  some  proper 
ties  in  common.  Their  atomic  weights  are  all  between  52 
and  59,  many  of  their  compounds  are  similiarly  formed,  they 
are  often  associated  in  ores.  These  metals  are  Mn,  Cr,  Co,  Ni 
and  Fe.  Of  these  Mn,  Cr  and  Fe  form  acids,  Co,  Ni  andFe  are 
magnetic.  It  has  lately  been  stated  that  CO  and  Ni  are  simply 
compounds  of  one  element,  which  it  is  claimed  has  been  iso- 
lated.   The  group  is  usually  called  the  Iron  Group. 

IRON— Fe. 

Properties. — A  soft,  white,  lustrous  metal,  the  most  mag- 
netic and  tenacious  of  all  metals.  Fuses  with  difficulty  but 
can  be  welded.  It  is  distinctly  fibrous  but  becomes  crystalline 
after  being  subjected  to  repeated  jars  and  vibrations.  This 
crystalline  form,  which  is  probably  cubical,  is  much  less  tena- 
cious than  the  fibrous.  It  is  only  oxidized  in  dry  air  at  a  red- 
heat  and  not  at  all  in  pure  water.  If  any  O  or  carbon  dioxide 
is  present  in  the  water,  it  speedily  forms  rust.  Commercially 
it  exists  in  three  forms  : 

(1)  — AVrought-iron.     This  is  nearly  ixire  iron  and  has  the 

characters  of  that. 

(2)  — Cast-iron.    This  always  contains  2-6  per  cent,  of  C  and 

some  Si,  usually  a  little  P  and  occasionally  Mn.  It  is 
readily  fusible  and  easily  cast  but  will  not  weld.    It  ex- 
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pands  slightly  on  solidification.  Cannot  be  tempered. 
Is  more  brittle  and  less  tenacious. 

(3)— Steel.  Contains  .5—2.  per  cent,  of  C  and  in  Bessemer 
steel,  .5—2.  per  cent,  of  Mn.  Less  fusible  than  cast-iron 
but  more  than  wrouglit-iron.  Can  be  tempered  and  will 
bear  a  cutting  edge.  When  of  good  quality,  it  is  more 
tenacious  and  elastic  than  wrought-iron. 

Preparation.— Cast-iron  is  usually  first  made  directly  from 
the  ores  and  then  from  it  the  wrought-iron  and  steel.  In  the 
manufacture  of  cast-iron,  the  ore,  if  not  already  an  oxide,  is 
roasted  to  convert  it  into  ferric  oxide.  This  is  then  put  into  a 
blast-furnace  with  coal  and  lime-stone.  The  lime  unites  with 
the  Si  present  in  the  ore  and  forms  a  fusible  slag,  which  floats 
on  top.  The  coal  takes  up  the  O,  forming  CO2,  and  some  of 
the  coal  unites  with  the  iron,  rendering  that  fusible.  The  slag 
is  drawn  off  from  the  side  and  at  intervals  the  bottom  is  tapped 
and  the  raw  metal  allowed  to  run  out  into  moulds. 

Wrought-iron  is  obtained  by  heating  the  cast-iron  in  a  rever- 
beratory  furnace.  In  this  a  certain  amount  of  ferric  oxide  is 
formed  which  oxidizes  the  C  and  Si  present,  forming  carbonic 
dioxide  and  a  fusible  silicate  of  the  oxide.  As  these  changes 
go  on,  the  iron  becomes  less  fusible  and  is  finally  collected  into 
large  balls,  w-hich  are  put  under  heavy  hammers.  By  these 
the  silicate  is  squeezed  out  and  the  iron  left  comparatively 
pure. 

Steel  is  made  in  some  cases  directly  from  the  ores  or  cast- 
iron  by  processes  too  intricate  to  be  described  here.  It  can  be 
made  from  wrought-iron  by  placing  bars  of  that  in  a  crucible 
filled  with  C.  This  is  then  exposed  for  several  hours  to  a  red 
heat.    The  iron  takes  up  the  C  and  becomes  steel. 

Sources. — A  very  little  is  found  native,  almost  entirely  in 
the  form  of  meteorites.    Its  chief  ores  are  : 
{1) — Iron  bisulphide.    Iron  pyrites. 

(2)  — Ferroso-f erric  oxide.    M  agnetic  iron-ore  or  load-stone. 

(3)  — Ferric  oxide.    Red  hagmatite. 

^4) — Ferrous  carbonate.    Clay  iron-stone. 
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Compounds. 

There  are  two  sets  of  compounds,  the  ous-  and  the  ic-salts. 
In  the  former  it  is  supposed  to  be  bivalent.    In  the  latter  it  is  . 
quadrivalent,  but,  like  Al,  it  is  arranged  in  a  double  mole- 
cule, which  is  but  sexvalent.    See  page  57. 

FeCh,  Ferrous  Chloride.— This  is  prepared  by  acting  on  Fe 
with  hydrochloric  acid  ;  thus, 

2HCl+Fe=FeCl2+H.. 

Fe^CU,  Ferric  Chloride.— A  crystalline,  red,  deliquescent 
salt,  with  a  very  strong  astringent  taste.  Made  by  acting  on 
the  ferrous  chloride  with  hydrochloric  and  nitric  acids  ;  thus, 

6FeCl,4-2HN03+6HCl=3Fe2Cl6+N.,0,+4H20. 
It  is  the  officinal  Ferri  Chlorid,mn. 

Fell,  Ferrous  Iodide.— A  greenish,  unstable,  deliquescent 
salt.    It  is  the  officinal  Ferri  lodidum. 

Feb,  Ferrous  Oxide. — A  dark-gray,  insoluble  powder,  very 
unstable  and  rapidly  oxidizing  to  ferric  oxide. 

Fe-iOs,  Ferric  Oxide.— A  crystalline,  red,  insoluble  powder, 
not  acted  on  by  the  magnet.    Ochre  consists  of  clay  colored  * 
with  this. 

Fe-iOi,  Ferroso-Ferric  Oxide.— This  occurs  native  as  the  mag- 
netic iron-ore  or  load-stone.    It  does  not  form  any  salts. 

Fei{OH)e„  Ferric  Hydrate. — This  in  combination  with  a  little 
ferric  chloride  constitutes  Ferrum  Dialysatum.  It  is  made  by 
mixing  ammonia  with  a  solution  of  ferric  chloride  ;  thus, 

6NH40H+Fe2Clo=Fe2(OH^6+6NH4Cl. 

The  latter  is  removed  by  dialysis,  leaving  the  colloid  hydrate 
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behind.  The  solution  is  of  a  reddish-brown  color,  free  from 
astringency.  Its  medicinal  use  is  of  doubtful  value.  Ferric 
hydrate  when  freshly  prepared  is  an  antidote  to  As.  (See 
Arsenic,  page  94.)  Rust  usually  consists  of  this  hydrate  more 
or  less  dehydrated,  thus  :   Fe20(OH)4  or  FeOsCOH)^. 

FeSOi,  Ferrous  Sulphate. — When  combined  with  7Aq,  it  is 
commonly  called  green  vitriol  or  copperas.  A  green,  efflor- 
escent salt,  freely  soluble  ;  found  native  in  some  mineral  waters. 
It  is  the  officinal  Ferri  Sulphas.  It  is  a  mild  astringent  and 
disinfectant.  It  is  much  used  internally,  especially  in  the  form 
of  Blaud's  pills.  These  contain  equal  parts  of  the  sulphate  and 
potassium  carbonate.  As  a  result  of  the  double  decomposition, 
ferrous  carbonate  and  potassium  sulphate  are  formed.  Ferrous 
sulphate  is  largely  used  in  dyeing  and  with  tannic  acid  and 
logwood  to  make  inks. 

Fe2{SOi)i,  Ferric  Sulphate.— A  reddish-brown,  amorphous 
salt,  soluble  and  when  in  solution  astringent  and  somewhat 
irritating.  It  enters  into  the  officinal  Liquor  Ferri  Tersulphatis.. 

FeCOs,  Ferrous  Carbonate. — Found  native  in  clay  iron-stone 
and  in  some  mineral  springs.  Is  somewhat  soluble  in  water,, 
especially  when  it  contains  free  carbon  dioxide.  It  enters  into 
the  officinal  Ferri  Carbonas  Saccharatus. 

Phosphates.— T\\e  ous-phosphates  are  formed  similarly  Ho 
those  of  Ca,  (page  68).  Ferric  phosphate  is  Fe2(P04)2.  Ferric 
pyrophosphate  is  Fe4(P207)3.  All  the  phosphates  are  insoluble. 
The  officinal  Ferri  Pyrophosphas,  which  is  quite  soluble,  is- 
really  a  sodio-ferric  compound. 

COBALT— Co. 

Properties,  etc. — A  white,  brittle,  very  tenacious  metal, 
almost  infusible  ;  strongly  magnetic.  It  is  usually  found  asso- 
ciated with  Ni.  * 
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'Compounds. 

Like  Fe  this  forms  two  series  of  compounds,  ous  and  ic. 
The  latter  are  quite  unstable. 

CoO,  Cdbaltous  Oxide.— This  is  largely  used  for  staining 
glass  blue. 

CoCh,  Cobaltous  Chloride.— This  in  solution  constitutes  blue 
sympathetic  ink.  Characters  written  with  it  are  invisible  until 
heated,  when  it  becomes  anhydrous,  blue  and  visible.  On 
cooling  it  again  absorbs  water  and  becomes  invisible. 

NICKEL— Ni. 

Properties,  etc.— A  white,  malleable  metal,  almost  infusible 
and  less  oxidizable  than  Fe.  Very  magnetic.  It  is  usually 
.associated  with  Co,  its  chief  ore  being  an  arsenide,  called  kup- 
fernickel.  It  is  used  somewhat  in  alloys  and  largely  to  form  a 
non-oxidizable  covering  to  other  metals. 


MAN(}ANE3E— Mn. 

Properties,  etc.— A  reddish,  hard,  brittle  metal,  decomposing 
water  at  all  temperatures.  It  materially  improves  the  quality 
■of  cast-iron  and  steel  and  is  used  considerably  in  their  manu- 
facture. It  occurs  in  the  form  of  manganic  oxide,  mangano- 
manganic  oxide  and  manganese  dioxide. 

Compounds. 

This  forms  two  not  very  definite  series  of  ous  and  ic  com- 
pounds and  several  that  belong  to  neither  group. 

MnO,  Manganous  Oxide  ]  These  are  both  basic  oxides.  The 
Mn^Oi,  Manganic  Oxide  f    latter  occurs  native  as  Braunite. 
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^    These  are  both  neutral. 
3In-iOi,  Mangano-manganic  Oxide  !  The  former  occurs  as  Pyro- 
MnOi,  Manganese  Dioxide  f  kisite  or  black  oxide  of  Mn,. 

J  the  latter  as  Hausmannite.. 

MnOs,  Manganese  Trioxide. — This  is  a  hypothetical  acid 
oxide,  which  forms  with  the  alkalies,  salts  called  manganates. 
Potassium  manganate,  K2Mn04,  is  a  green  crystalline  salt,  sol- 
uble in  water  and  when  in  solution,  known  as  Condy's  Green 
Fluid.    It  is  a  disinfectant  and  deodorizer. 

Mn^Oi,  Manganese  Heptoxide. — This  is  an  acid  oxide,  which 
forms  with  water  permanganic  acid,  HaMnoOs.  Potassium 
l^ermanganate,  K^Mn^Og,  is  a  crystalline,  puri^le  salt,  soluble 
in  water.  It  is  very  easily  reduced  by  organic  matter  and  is 
used  as  a  test  for  it.  It  is  a  disinfectant  and  deodorizer.  In 
solution  in  water  it  constitutes  Condy's  Red  Fluid. 


CHROMIUM— Cr. 

Properties,  etc. — A  very  hard,  almost  infusible  metal,  found 
in  chrome  iron-stone,  which  consists  of  a  mixture  of  ferrous 
and  chromic  oxides. 

Compounds. 

It  also  forms  two  series  of  compounds,  ous  and  ic,  and  sev- 
eral which  belong  to  neither. 

„  ^,  ^  •  7  )       Both  are  basic.    Owing  to  its 

CrO  Chromous  OxicU[„^^^t  insolubility,  the  latter  is  used 
Cr,0„  Chromic  Oxide  f  ^        j^^.  p.-i^ting  greenbacks. 

CrOi,  Chromium  Dioxide        \  -q^^Yi  neutral 
CviOi,  Chromo-chromic  Oxide  f 


CrOa,  Chromium  Trioxide. — A.  brilliant  red  compound,  very 
deliquescent  and  easily  reduced  by  organic  matter.  It  is  anti- 
septic.   It  is  used  considerably  in  medicine  as  an  escharotic- 
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under  the  officinal  name  of  Acidum  Chroviicum.  With  water 
it  forms 

H^CrOi,  Chromic  Acid.— This  forms  a  series  of  salts,  the 
chromates,  of  which  potassium  chromate,  K2Cr04,  is  the  best 
known  and  most  used.  This  acid  forms  another  acid,  which 
bears  the  same  relation  to  it  that  pyi-osulphuric  acid  bears  to 
sulphuric.    It  can  be  formulated  thus  : 

3H2Cr04-H20=H2Cr,0,. 

The  natural  name  for  this  would  be  pyrochromic  acid,  but  its 
salts  are  known  as  bichromates.  The  most  important  of  these 
is  potassium  bichromate,  K^Cr^Ov,  which  is  used  very  exten- 
sively in  the  arts. 

Many  of  the  chromium  compounds  are  used  as  pigments, 
owing  to  their  brilliant  colors. 

GOLD— Au. 

Properties.— soft,  yellow  metal,  more  malleable  than  any 
other,  fusible  at  a  bright  red  heat.  Not  affected  by  air  or 
water  at  any  temperature,  nor  by  ordinary  acids.  It  is  dis- 
solved by  a  mixture  of  nitric  and  hydrochloric  acids  with  the 
formation  of  auric  chloride,  AuCU.  This  mixture,  which  is 
called  nitrohydrochloric  acid,  or  aqua  regia,  gives  rise  to  nas- 
cent CI  when  freshly  prepared  ;  thus, 

6HCl-f  2HNO3 =4H.O+N.O,+6Cl. 

Sources.— Very  widely  distributed,  though  rarely  in  paying 
quantities.  Always  native  and  nearly  always  associated  with 
Ag  and  sometimes  Pb. 

Uses.— It  is  too  soft  to  be  used  pure.  It  is  always  alloyed 
with  some  Ag  and  often  Cu.  The  gold  coins  of  the  U.  S.  con- 
sist of  Au  90  per  cent,  and  Ag  and  (3u  10  per  cent.  ;  of  Great 
Britain,  of  eleven-twelfths  of  Au. 


TIN. 


89- 


Compounds. 

It  forms  two  sets  of  compounds,  ous  and  ic.  In  the  former 
it  is  univalent,  in  the  latter  trivalent.  The  former  are  quite 
unstable. 

AUiOa,  Auric  Oxide. — A-  brown,  insoluble  powder,  easily 
reduced  by  the  light.  It  is  an  acid  oxide  and  forms  with  the 
alkalies,  salts  called  aurates,  thus  : 

3KOH+Au.,03=2KAu02+H20. 

Au  forms  hardly  any  oxygen-salts,  but  does  form  chlorides 
and  bromides. 

TIN— Sn. 

Properties. — A  soft,  white,  malleable  metal,  fusible.  Is  not 
acted  upon  by  air  or  water  at  ordinary  temperature.  Heated  a 
little  above  its  melting-point,  it  burns  with  the  formation  of 
stannic  oxide.    Block  tin  is  pure  tin  in  mass. 

Sources. — It  occurs  almost  entirely  as  stannic  oxide,  called 
tin-stone  or  cassiterite  ;  rarely  as  the  sulphide. 

Preparation.— The  ore  is  crushed  and  heated  with  coal. 
Carbon  dioxide  escapes  and  the  metal  is  run  into  large  blocks. 

Uses. — Most  tin- ware  consists  of  sheet-iron  covered  with  a 
laj'er  of  Sn  to  protect  it  from  the  oxidizing  effects  of  the  air. 
Sn  enters  into  many  alloys,  such  as  pewter,  gun-metal,  bronze, 
etc.    Its  salts  are  largely  used  in  dyeing  and  in  calico-printing. 

Compounds. 

It  forms  two  sets  of  compoimds,  ous  and  ic.  In  the  former 
it  is  bivalent,  in  the  latter  tetravalent. 

SnO,  Stannous  Oxide. — A  dense,  black  powder  forming  with 
water  stannous  hydrate,  Sn(0H)2.  This  is  a  basic  oxide  and 
forms  the  stannous  salts  with  acids. 
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SnOi  Stannic  Oxide. — A  heavy,  white,  powdei',  not  attacked 
by  any  acid.  This  is  both  a  basic  and  an  acid  oxide.  It  forms 
with  acids  the  stannic  salts,  while  with  water  it  forms  two 
acids,  stannic  acid,  HaSnOs,  and  metastannic  acid,  HioSns  da. 
Tlie  former  is  the  more  important.  Of  its  salts  sodium  stan- 
nate,  Na^SnOs,  is  largely  used  in  calico-printing  as  a  mordant. 


BISMUTH— Bi. 


Properties. — A  reddish-white,  very  brittle  metal,  fusible  and 
volatile  ;  but  little  affected  by  the  air.  It  is  the  most  diamag- 
netic  of  all  substances. 

Sources. — The  most  important  ore  is  the  native  metal,  asso- 
ciated with  cobalt,  nickel  and  tin  ores. 

Uses. — The  metal  itself  is  but  little  used  except  in  alloys, 
upon  which  it  confers  easy  fusibility  and  the  property  of  ex- 
panding on  solidification.  Its  compounds  are  used  consider- 
ably in  medicine. 

Compounds. 

Bi  foi'ms  two  sets  of  compounds,  ous  and  ic  ;  in  the  former  it 
is  trivalent  and  in  the  latter  quintivalent.  The  former  are  the 
more  stable  and  the  more  numerous  but  they  are  readily  de- 
composed by  water  with  the  formation  of  basic  salts  which  are 
insoluble. 


BiCls,  Bismuth  Trichloride  or  Bismuthous  Chloride. — A 
white,  fusible  salt  which  when  placed  in  water  forms  an  insol- 
uble oxychloride,  Bi  OCl.    Its  graphic  formula  is  q 

Bi{NO^)^, Bismuthous  Nitrate. — When  this  is  put  into  a  large 
amount  of  water,  it  forms  a  basic  nitrate,  BiN03(OH)2  ;  thus. 


Bi(N03)3+2H20=BiN03(OH)2+2HN03. 


ANTIMONY.  9t 


This  is  the  officinal  BismuthiSubnitras.  Its  graphic  formula  is. 

BUOCOaiOH)^ — Tliis  is  the  officinal  Bismuthi  Subcarbonas. 
Its  graphic  formula  is         q  —  jj 
Bi^Ov 

)o  >  c  =  o 

^O— H 

•  BiCMoO',,  Bismuth  Citrate, —TYriB  is  a  salt,  soluble  in 
aqua  ammoniae.  With  this  it  forms  a  permanent  soluble  com- 
pound called  officinally  Bismuthi  et  Ammonii  Citras.  As  it  is 
soluble,  it  is  lacking  in  the  virtues  of  the  subnitrate  and  sub- 
carbonate. 


ANTIMONY— Sb. 

Properties— A  bluish-white,  very  brittle  metal,  fusible  and 
volatile.    Not  acted  on  by  the  air  at  ordinary  temperatures.' 

Soitrces.— Almost  entirely  from  the  native  antimonious  sul- 
phide, called  stibnite. 

Uses.— It  enters  into  many  alloys,  such  as  type-metal,  made 
of  Pb  and  Sb  ;  Britannia-metal,  made  of  Sn  and  Sb,  etc. 


Compounds. 

It  forms  two  sets  of  compounds,  ous  and  ic.  In  the  former 
it  is  trivalent,  in  the  latter  quintivalent.  Nearly  all  the  anti- 
mony compounds  are  decomposed  by  water. 

SbCU,  Antimonious  Chloride.— A  white,  deliquescent  salt, 
formerly  called  butter  of  antimony.  It  is  prepared  by  heating^ 
antimonioiis  sulphide  with  hydrochloric  acid  ;  thus. 


SboS3-f-6HCl=2SbCl3-f3H2S. 
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ShCh,  Antimonic  Chloride— A  colorless,  volatile  liquid, 
quite  unstable. 

SbiSa,  Antimonious  Sulphide. — A  compound  of  a  gray  color 
when  pvire,  but  when  combined  with  a  little  water,  of  an 
orange  red  color.  It  is  formed  whenever  sulphuretted  hydro- 
gen acts  on  a  soluble  salt  of  Sb  ;  thus, 

2SbCl3+3H2S=Sb2S3+6HCl. 
Sbs'Sii,  Antimonic  Sulphide— of  little  consequence. 

KSbOCiHiOi,  Potassio-stibyl  tartrate.— T:his  is  known  offl- 
cinally  as  Antimonii  et  Potassii  Tartras,  commonly  as  tartar- 
emetic.  This  is  prepared  by  boiling  antimonious  oxide,  Sb^Os, 
with  potassium  bitartrate,  KHC4H40f, ; 

Sb.03+2KHC4H40«=2KSbOC4H40e+H.O. 

It  is  a  white,  crystalline  salt,  freely  soluble  in  water.  Its 
graphic  formula  will  be  given  under  tartaric  acid. 
The  tests  will  for  Sb  will  be  given  in  Chapter  X. 

ARSENIC— As. 

Properties— A  gray,  brittle  metal,  slowly  oxidizing  in  the 
air.  It  volatizes  without  fusion,  and  if  O  be  present,  forms 
arsenious  oxide,  which  has  a  garhcky  odor.  In  many  of  its 
chemical  properties  it  resembles  P,  and  is  sometimes  grouped 
with  the  non-metals. 

Occurrence.— It  is  very  widely  distributed  but  usually  only 
in  small  qua'ntities.  It  is  sometimes  found  native,  but  its  chief 
ores  are  a  sulphide  of  Fe  and  As,  called  mispickel,  and  arsenides 
of  Co  and  Ni. 

Preparation.— Bj  heating  the  ore,  the  As  sublimes  in  the  ■ 
form  of  arseniou^  oxide  and  is  condensed  and  afterwards  puri- 
fied by  resublimation  with  charcoal. 
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Uses.— It  is  used  somewhat  in  alloys,  being  added  to  Pb  in 
the  manufacture  of  shot  to  make  them  round  ;  also  to  Fe  and 
Cu  to  enable  them  to  take  a  more  brilliant  polish. 

Compounds. 

It  forms  two  sets  of  compounds,  ous  and  ic.  In  the  former 
it  is  trivalent,  and  in  the  latter  quintivalent. 

ASiOa,  Arsenious  Oxide. — This  is  commonly  called  white 
arsenic  or  simply  arsenic.  A  white,  crystalline  compound, 
fusible  and  after  fusion  solidifying  into  a  glassy  mass,  trans- 
parent at  first  but  becoming  opaque.  Slightly  soluble  in  water, 
forming  with  it  arsenious  acid,  H3ASO3.  This  with  some  of 
the  metals  forms  arsenites,  most  of  which  are  unstable.  At 
about  2l8°  C,  it  is  volatilized.  It  has  a  very  slight  taste, 
which  can  be  easily  disguised.  It  is  known  officinally  as 
Acidum  Arseniosum. 

As-iOs,,  Arsenic  Oxide.— A.  strong  acid  oxide,  forming  with 
water  arsenic  acid,  H3ASO4,  which  resembles  in  many  chemi- 
cal properties  phosphoric  acid.  This  forms  with  many  metals 
stable  sal  s  called  arseniates.  This  oxide  is  poisonous  but  less 
than  the  preceding. 

NUiHAsOi — Disodie  Arseniate. — A  white,  crystalline,  solu- 
ble salt,  known  oliicinally  as  Sodii  Arsenias. 

K3ASO3,  Potassium  Arsenite. — This  is  probably  the  salt  con- 
tained in  the  officinal  Liquor  Potassii  Arsenitis,  known  com- 
monly as  Fowler's  solution. 

CuaiAsOa)^,  Cupric  Arsenite.— This  is  a  briUiant,  insoluble 
green  salt,  commonly  called  Scheele's  green.  Paris  or  Schwein- 
furt  green,  is  a  mixture  of  the  acetate  and  arsenite  of  copper  in 
varying  proportions.  Both  are  extensively  used  as  pigments, 
especially  for  wall-paper.    They  are  not  volatile,  but  particles 
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may  be  rubbed  off  and  float  in  the  air.  This  may  happen  to 
such  an  extent  as  to  cause  symptoms  of  chronic  arsenical  poi- 
soning, especially  if  bed-rooms  are  covered  with  this  kind  of 
paper. 

Fer,{AsOi)i,  Ferrous  Arseniate.—lt  is  a  white  amorphous  pow- 
der, officinal  in  the  British  Pharmacopoeia.  The  average  dose 
contains  so  little  iron  that  its  chief  value  must  be  due  to  the 
As  in  it. 

As<,Si,  Arsenic  Disulphide.—lt  is  an  orange-red,  fusible  salt, 
occurring  native  as  Realgar.    It  is  used  a  little  as  a  pigment. 

AsnSs,  Arsenious  Sulphide.—lt  is  a  yellow,  fusible  salt,  occur- 
ing  native  as  Orpiment.    It  is  used  as  a  pigment. 

Both  of  these  sulphides  are  said  to  be  harmless  when  per- 
fectly pure.  If  made  artificially,  they  are  very  apt  to  contain 
some  arsenious  oxide  and  are  then  of  course  very  poisonous. 

Nearly  all  arsenical  compounds  are  poisonous.  The  anti- 
dote in  general  is  ferric  hydrate,  freshly  prepared.  This  is. 
made  in  two  ways. 

(-l)__By  mixing  solutions  of  ferric  sulphate  and  ammonia  ; 
thus, 

Fe.(S04)3+6NH40H=Fe,(OH)o+3(NH4)2  SO4. 

(2)— By  mixing  solutions  of  ferric  sulphate  and  magnesium 
hydrate  ;  thus, 

Fe.(S04)3-|-3Mg(OH),=Fe.(OH)6-f3MgSO.,. 

The  latter  is  the  preferable  way,  for  the  magnesium  sulphate 
is  a  purgative.  The  ferric  hydrate  acts  by  forming  a  basic  ar- 
seniate  which  is  insoluble  and  permanent :  thus, 

2Fe(OH)o-i-As203=:Fe..(As04)2.  Fe(OH)2+5H20. 
The  tests  for  As  will  be  given  in  Chapter  X. 
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In  this  are  included  platinum,  iridium,  palladium,  rhodium, 
ruthenium  and  osmium.  These  metals  have  some  common 
chemical  properties  and  are  nearly  always  found  associated  in 
nature.  The  only  one  of  sufficient  importance  to  be  described 
here  is  platinum. 

PLATINUM— Pt. 

Properties. — A  white,  very  malleable  and  ductile  metal. 
The  heaviest  substance  known,  its  specific  gravity  being  21.5. 
Almost  infusible.  Not  attacked  by  the  air,  water  or  ordinary 
acids  ;  only  by  nitro-hydrochloric  acid. 

Occurrence. — Always  native  but  not  very  abundant.  Associ- 
ated in  its  ores  with  the  others  of  this  group  and  often  with  Ag. 

Uses. — It  is  used  extensively  in  crucibles  where  infusibility 
is  required  and  in  laboratory-ware  where  marked  chemical 
stability  is  needed. 

Compounds, 

Are  of  little  consequence  compared  with  the  native  metal. 
They  are  in  two  sets,  ous  and  ic.  In  the  former  it  is  bivalent, 
in  the  latter  quadrivalent. 

PtCli,  Platinic  Chloride. — A  reddish-brown,  deliquescent 
salt,  much  used  as  a  test-reagent  for  K.  With  the  chloride  of 
this  it  forms  a  yellow  precipitate,  soluble  only  in  60  parts  of 
water  and  still  less  in  dilute  alcohol. 
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CHAPTER  IX. 

ORGANIC  CHEMISTRY. 

Tliis  is  the  Chemistry  of  the  Carbon  Compounds,  which  are 
produced  in  animals  and  plants,  and  their  derivatives.  These 
compounds  are  not  necessarily  due  to  animal  or  vegetable  life, 
since  many  of  them  can  be  formed  by  synthesis.  In  fact  the 
laboratory  of  to-day  almost  surpasses  nature  in  the  formation 
of  these  compounds.  These  compounds  always  contain  C, 
usually  H,  often  O  and  N,  and  any  element  may  be  represented. 
Their  general  characteristics  are  : 

(1)  _They  usually  contain  many  atoms,  but  few  elements. 

(2)  — They  often  exhibit  great  complexity  of  structure. 

(3)  _They  are  often  unstable,  being  easily  decomposed  into 

simpler  compounds. 

(4)  — They  show  many  examples  of  isomerism. 

(5)  _They  are  often  arranged  in  homologous  series.    In  these 

series  adjacent  members  resemble  each  other  usually. 

(6)  — They  occur  in  nature  only  as  the  result  of  animal  or  veg- 

etable life. 

They  are  divided  into  two  great  groups,  the  fatty  series,  the 
starting  point  of  which  is  methane,  CH.,,  and  the  aromatic 
series,  which  begins  with  benzol,  CaHc  Be-ides  these  there 
are  some  other  groups  and  a  great  number  of  compounds  which 
are  as  yet  unclassified. 

The  subject  of  Organic  Chemistry  is  so  inexhaustible  that  it 
has  been  necessary  to  go  over  it  very  briefly  in  this  manual. 
Consequently  only  those  points  of  great  importance  have  been 
touched. 

CLASSIFICATION  OF  ORGANIC  COMPOUNDS. 

The  grouping  of  organic  compounds  is  based  upon  the  nega- 
tive radical  instead  of  the  positive  radical  as  in  Inorganic 
Chemistry.    They  are  classified  under  the  following  heads  : 
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(1) — Hydrocarbon — composed  of  H  and  C  only  ;  thus, 

H  TT 

Methane.  CH,.  H— C— H  :  benzol,  CcHc,  n 

TT  H  C       C — H 

^  li  I 

H-C  C-H 

H 


The  following  is  a  list  of  the  more  important  hydrocarbons 
with  their  names.    Notice  particularly  the  nomenclature  : 


Methane 

Methene 

CH4 

CH2 

Ethane 

Ethene 

Ethine 

C2H0 

C2H4 

C2H2 

Propane 

Proj)ene 

Propine 

Propone 

C3H4 

C3H2 

Butane 

Butene  or 

Quartine 

Quai'tone 

Quartune 

C4H10 

Quartene 

C4H6 

C4H4 

C4H2 

C4H8 

A  mane 

Amene  or 

Quintine 

Quintone 

•  Quintune 

Quintene 

C5HB 

C5H4 

C5H1 0 

Sextane 

Sextene 

Sextine 

Sextone 

Sextune 

CeHio 

CoHg 

CoHe 

The  vertical  series  are  homologous,  the  horizontal  are  isolo- 
gous.  The  first  vertical  series  is  called  the  paraflEines  and  the 
second  the  olefines.  All  but  the  first  vertical  series  are  artiad 
compound  radicals,  though  they  also  exist  free.  The  names  of 
the  perissad  compound  radicals  are  formed  by  changing  the 
ane  of  the  first  series  to  yl  and  in  the  other  series  by  adding  yl 
to  the  ending,  thus  :  methyl,  (CH3)',  propenyl,  (CaHs)'",  etc. 
Sextune,  CeHe,  is  usually  a  saturated  compound  of  a  peculiar 
character,  called  benzene  or  benzol,  whose  graphic  formula  is 
given  above.    The  paraflEines  are  all  saturated. 
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(2)— Haloid  Ether.— A  compound  of  a  hydrocarbon  radical 
with  a  halogen  ;  corresponding  to  a  haloid  salt ;  thus, 

(CHs)'  CI,  methyl  chloride. 

(CH)"'  CI3,  methenyl  chloride  or  chloroform. 

(S)— Alcohol— A  compound  of  a  hydrocarbon  radical  with 
hydroxyl,  OH  ;  corresponds  to  an  hydroxide  ;  thus, 

H 

(CH3)'  OH,  methyl  alcohol,  H— C— OH 

H 

OH  OH  OH 

I       I  I 

(CsHs)'"  (0H)3,  propenyl  ateohol,  H—  C  —  C  —  C  — H 

h.   -k  -H. 

(4:)— Compound  Ether.— A  compound  of  a  hydrocarbon  radical 
with  an  oxygen-acid ;  corresponds  to  an  oxygen-salt ; 
thus, 

H  H 

(C2HO'  NO3,  ethyl  nitrate,  H— L A— O— NOa. 

H  i 

(5)— Oxygen  Ether.— A  compound  of  a  hydrocarbon  radical 
with  O  ;  corresponds  to  an  oxide  ;  thus, 

H  H        H  H 

II  II 
iCH.y,  O,  ethyl  ether,  H— C— C— O— C— C— H. 

in     H  H  ■ 
o 

^  /  \ 

(C2H4)"  O,  ethene  ether  or  oxide,  H— C— C— H. 

II 
H  H 
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(6)  — Mercaptan, — This  is  an  alcohol  in  which  the  O  has  been 

replaced  by  S  ;  thus, 

(CaHs)'  SH,  ethyl  mercaptan,  (C2H4)"  (SH)2,  ethene  mercaptan. 

(7)  — Sulphur  Ether— This,  corresponds  to  an  oxygen  ether  in 

which  the  O  has  been  replaced  by  S  ;  thus, 

(CHaya  S,  methyl  sulphide. 

Se  and  Te  form  compounds  similarly,  as  in  (6)  and  (7)^ 

(8)  — Aldehyde. — An  alcohol,  less  two  atoms  of  H,  taken  from 

the  carbon-atom  holding  the  liydroxyl  group  ;  thus  from 
methyl  alcohol  is  formed  formic  aldehyde  ; 

H 
I 

CHaOH— 2H=CH.O,  C=0. 

I 

H 

This  aldehyde  is  the  starting-point  of  all  aldehydes,  and 
from  it  all  the  others  can  be  obtained  by  substituting 
monad  hydrocarbon  radicals  for  one  of  the  atoms  of  H. 
Only  one  H  can  be  replaced.  The  other  must  be  left 
connected  with  the  C. 

(9)  — Acid. — Is  an  aldehyde  with  one  atom  of  O  added  to  the 

characteristic  carbon  group  ;  thus  formic  aldehyde  gives 
formic  acid  :  H 

t 

CH20+0=CH202,  C=0. 

OH 

(10)  — Ketone. — Is  an  aldehyde  in  which  both  atoms  of  H  have 

been  replaced  by  hydrocarbon  radicals  ;  thus, 

H  H 

CsHeO,  Acetone,  H— C— C— C— H. 

I    II  I 
H  O  H 
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(11) — Organo-metallic  Compownds.— Compounds  of  hydrocar- 
bon radical  or  radicals  with  a  metal ;  thus, 

(CHs)*  K,  potassium  methide,  (C2H5)'2  Zn,  Zinc  ethide. 

{12)— Acid  Halide. — Derived  from  an  organic  acid  by  the  sub- 
stitution of  a  halogen  for  hydroxyl ;  thus, 


(13)  — Acid  Oxide. — The  same  as  in  Inorganic  Chemistry,  the 

anhydride  of  an  acid  ;  thus, 

(C2H30y20,  acetic  oxide  or  anhydride. 

(14)  — Amine. — Is  ammonia,  NH3,  in  which  one  or  more  atoms 

of  H  are  replaced  by  hydrocarbon  radicals ;  thus. 


They  are  called  primary,  secondary  or  tertiary  according  as 
one,  two  or  three  atoms  of  H  are  replaced. 

(15) — Alcoholic  Ammonium. — Consists  of  NH5  in  which  one  or 
more  atoms  of  H  are  replaced  by  hydrocarbon  radicals 
and  often  inorganic  radicals  ;  thus. 


H 


(C2H3O)'  CI,  acetyl  chloride,  H— C— C=0. 


H  CI 


(CH3. 

(CH3)'3  N,  trimethylamine,  N  \  CH3. 


NH3CICH3,  Methylammonium  chloride. 


H 

,C— H 
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(16)  — P,  As  and  Sb  form  compounds  similar  to  (14)  and  (15). 

These  are  called  pliosphines,  arsines,  stibines  ;  phospho- 
niums,  arsoniums,  stiboniums. 

(17)  — Amide. — Is  ammonia,  NHa,  in  which  one  or  more  atoms 

of  H  are  replaced  by  acid  radicals,  i.  e. ,  acids  minus  the 
the  characteristic  hydroxyl  groups  ;  thus  : 

(CaHsOy  NHa,  acetamide. 

(CsHsO)^  NH,  diacetamide. 

They  are  called  primary,  secondary  or  tertiary  according  as 
one,  two  or  three  atoms  of  H  are  replaced. 

(18)  — Amic  Acid. — Is  a  polybasic  acid  in  which  some,  not  all, 

of  the  hydroxyl  groups  have  been  replaced  by  NH^,  ami- 
dogen  ;  thus  from  sulphuric  acid  is  formed 

(NH^y  HOSO3,  sulphamic  acid,  "^q"  [  SO2 


MONATOMIC  ALCOHOLS. 
There  are  several  of  importance. 

CH3OH,  Methyl  Alcohol — also  called  carbinol  or  wood-naph- 
tha. It  occurs  largely  as  a  by-product  in  the  manufacture  of 
acetic  acid.  Methylated  Spirit  is  a  mixture  of  methyl  alcohol 
and  ethyl  alcohol.  It  is  used  extensively  in  England  in  the 
arts  as  a  substitute  for  ethyl  alcohol.  Its  taste  is  so  bad  that  it 
cannot  be  used  for  drinking  purposes  and  hence  is  taxed  at  a 
very  much  lower  rate  there. 

CiHiOH,  Ethyl  Alcohol— CovLxmon  Alcohol,  q.  v. 
CsH-,OH,  Propyl  Alcohol ) 

CiHsOH,  Butyl  Alcohol    [  constituting  fusel-oil. 
CHiiOH,  Amyl  Alcohol  ) 
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All  monatomic  alcohols  can  be  considered  as  carbinol  in 
which  one,  two  or  three  atoms  of  H  have  been  replaced  by- 
hydrocarbon  radicals.  From  this  they  are  called  primary, 
secondary  or  tertiary  ;  thus, 

(CH3)'  (CHaOH)',  ethyl  alcohol  or  methyl  carbinol. 
(CH3)'  (C2H5)'  (CHOH)",  secondary  butyl  alcohol  or  methyl- 
ethyl  carbinol. 

(CHaya  (CaHs)'  (COH)"',  tertiary  amyl  alcohol  or  dimethyl-ethyl 
carbinol. 

COMMON  ALCOHOL. 

This  is  simply  ethyl  alcohol  C2H5OH.  It  can  be  formed 
synthetically  thus  : 

Ca+Ha^rCaHa,  acetylene. 
C2H2+H2=C2H4,  ethene. 

C2H4+H2S04=C2H5HS04,  ethyl-sulphuric  acid. 
CaH5HS04+H20=H2S04+C2H50H. 

The  chief  source  of  ethyl  alcohol  is  the  vinous  fermentation 
of  grape-sugar  by  the  action  of  the  yeast  plant,  the  saccharo- 
myces.  The  fermentation  seems  to  be  due  to  the  efiEorts  of  this 
plant  to  obtain  the  food  necessary  for  its  growth.  According 
to  Prof.  Chandler  the  requisites  for  fermentation  are  : 

(1)  — Glucose  

(2)  — Albumenoids 

(3)  — Mineral  salts 

(4)  — Yeast  


(5)  — Air,  at  least  at  the  outset. 

(6)  — A  temperature  between  5"^  and  30"  C. 


100.0  parts 
1.0  " 
0.5  " 
0.5  " 

102.0 
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And  the  products  of  fermentation  are  : 


(1)  — Ethyl  alcohol.   48.5  parts. 

(2)  — Carbon  dioxide   46.5  " 

(8)— Glycerine   3.6  " 

(4)  — Succinic  acid   0.7  " 

(5)  — Fusel  oil  and  some  extractives     0.7  " 

(6)  — Yeast,  increased  to   2.00  " 


102.0 

(7) — Traces  of  organic  compound  ethers  of  hydros  arbon  radi- 
cals which  give  it  bouquet. 

Manufacture  of  Beer. — Barley  is  moistened  and  allowed  to 
germinate.  During  this  process  a  ferment,  diastase,  is  devel- 
oped which  converts  part  of  the  starch  into  sugar.  The  barley 
is  now  dried  to  prevent  further  growth  and  is  called  malt.  The 
malt  is  crushed  and  placed  in  water  at  76°  C.  to  allow  the 
diastase  to  act  on  the  unaltered  starch.  It  is  then  strained  and 
the  clear  liquid,  now  called  wort,  is  boiled  with  hops  to  give  it 
a  bitter  flavor.  It  is  now  mixed  with  yeast  and  allowed  to 
ferment  to  a  certain  point,  but  not  completely.  The  yeast  is 
then  separated  and  the  beer  is  then  drawn  off  into  casks. 

Ale. — The  fermentation  of  this  takes  place  at  a  comparatively 
high  temperature,  15°-26°  C.  The  bubbles  of  carbon  dioxide 
rise  and  carry  the  yeast  to  the  surface,  forming  a  thick  scum. 
This  mechanically  checks  the  oxidation  and  hence  the  fermen- 
tation. After  the  ale  has  been  drawn  off  into  the  cask,  the 
fermentation  starts  up  again  and  continues  for  some  time. 

Lager. — This  is  brewed  at  a  lower  temperature,  5°-10°  C. 
The  yeast  sinks  to  the  bottom  and  hence  the  fermentation  is 
much  more  complete. 

Manufacture  of  Whiskey. — This  is  usually  made  from* corn, 
sometimes  from  rye,  wheat,  potatoes  or  other  starch-bearing 
vegetables.    The  corn  is  ground  and  mixed  with  water  and  a 
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very  little  malt.  This  furnishes  the  diastase  to  convert  it  into 
siigar.  This  mixture,  called  the  mash,  is  kept  at  a  warm 
temperature  until  all  the  starch  has  been  acted  on.  The  liquid 
is  then  drawn  of£  and  mixed  with  yeast.  It  is  allowed  to  fer- 
ment as  much  as  possible  for  it  is  desirable  to  get  all  the 
alcohol  that  can  be  obtained.  It  is  next  distilled  and  this 
gives  rise  to  the  raw  whiskey.  Rectification  is  the  purification 
of  alcohol  and  strong  alcoholic  liquors  by  the  removal  of  water 
and  fusel-oil  chiefly  by  redistillation.  Ethyl  alcohol  volatilizes 
at  a  lower  temperature  than  these,  and  by  carrying  the  tem- 
perature up  to  certain  a  point  and  not  beyond,  they  will  be  left 
behind  in  the  body  of  the  still. 

Wine  is  the  fermented  juice  of  the  grape, 

Brandy  is  the  liquor  obtained  by  distilling  wine. 

Rum  is  made  from  molasses  by  fermentation  and  distillation. 

Gin  is  alcohol  flavored  with  juniper  berry  and  then  distilled. 

Ethylic  Ether,  (CaHs)^©.— This  is  prepared  from  ethyl  alco- 
hol by  means  of  sulphuric  acid  and  hence  is  often  called  sul- 
phuric ether.    The  reaction  may  be  expressed  thus  : 

(1)  C.H50H4-HsS04=CaH5HS04-fH,0. 

(3)  C2H6HS04+C2H50H=(C,H6)20-fH,S04. 

Its  specific  gravity  is  about  .720.  It  boils  at  35. S'^  C.  and 
evaporates  at  all  temperatures.  It  is  very  combustible  and  its 
vapor  may  make  an  explosive  compound  with  air.  Its  use 
as  an  anaesthetic  is  well  known. 


These  are  necessarily  monobasic,  for  as  there  is  but  one 
alcohol-group,  there  can  be  but  one  acid-group.  This  charac- 
asteristic  acid-group  is  C=0,  a  monad  compound  radical  called 
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carboxyl.  It  is  the  H-atom  in  this  group  which  can  be  replaced 
by  metals  to  form  salts. 

The  following  is  a  list  of  the  more  important  monatomic  acids : 


Formic  Acid,  CH^Oi.  —A  clear,  colorless  liquid  with  a  pene- 
trating odor.  When  concentrated,  it  is  extremely  corrosive 
and  attacks  the  skin  energetically.  It  is  a  powerful  reducing 
agent.  It  occurs  in  nature  in  the  bodies  of  ants,  some  cater- 
pillars and  in  stinging  nettles.  It  gives  rise  to  salts  called 
formates,  none  of  which  are  very  important. 

Acetic  Acid,  dHiO^. — This  is  one  of  the  most  important  or- 
ganic acids.  It  occurs  in  nature  in  the  juices  of  some  plants  and 
animals.  It  is  made  chiefly  by  the  slow  oxidation  of  alcohol. 
One  method  is  to  allow  wine  or  other  alcohol-containing  mix- 
ture to  undergo  the  acetous  fermentation.  The  oxidation  may 
be  much  expedited  by  exposing  the  wine  over  a  very  extensive 
surface,  especially  of  wood.  Acetic  acid  is  also  formed  during 
the  destructive  distillation  of  wood. 

It  is  a  thin,  colorless  liquid  with  the  characteristic  odor  and 
taste  of  vinegar.  Below  15.5°  C.  it  forms  large  transparent 
crystals.  The  anhydrous  acid  is  called  offlcinally  Acidum 
Aceticum  Glaciale.  This  is  only  used  externally  as  a  mild 
escharotic.  Its  domestic  use  in  vinegar  is  very  extensive. 
It  forms  a  number  of  salts  called  acetates.  Nearly  all  the  nor- 
mal acetates  are  soluble  and  several  of  them  are  poisonous. 

For  the  other  monatomic  acids  reference  must  be  made  to 
larger  works.  Palmitic,  stearic  and  oleic  acids  are  discussed 
to  some  extent  on  page  107,  et  seq. 


Formic  acid — C  H2O2. 
Acetic  "  C2H4O2. 
Propionic  "  CsHeOa. 
Butyric      "  CiHgOs. 


Valerianic  acid — C5  H10O2. 

Palmitic  "  C16H32O2. 

Stearic  "  CieHaeO^. 

Oleic  "  C18H34O2. 


DIATOMIC  ALCOHOLS. 


None  of  these  are  of  much  importance.  Those  derived  from 
the  hydrocarbons  of  the  olefine  series  are  called  glycols.  Each 
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glycol  forms  two  acids,  one  monobasic  and  the  other  bibasic. 
Thus  from  Ethene  Glycol,  C2H4(OH)i!,  we  get 

OH  OH 

CiHiOs,  Glycollic  Acid,  H  —  i  —  C  =  O,  monobasic, 

OH  OH 

and  CiHiOi,  Oxalic  Acid,  O  =  C  —  C  =  O,  bibasic. 

Oxalic  acid  and  most  soluble  oxalates  are  decidedly  poisonous. 
The  antidote  is  any  lime  or  magnesium  salt,  for  these  form 
insoluble  oxalates.  Treatment  should  be  prompt  for  the  poi- 
son is  energetic. 

From  Propene  Glycol,  C3H6(OH)2,  are  formed 
H  H 

CaHtOs,  Lactic  Acid,  H  —  C  —  C  —  C  =  0,  monobasic, 

I       I  I 
OH  H  OH 

H 

I 

and  CsHiOi,  Malonic  Acid,  0  =  C  —  C  —  0  =  0,  bibasic. 

I       I  I 
OH  H  OH 

Lactic  acid  is  chiefly  found  in  nature  as  a  result  of  the  fer- 
mentation of  lactose  and  some  other  carbohydrates.  There 
are  several  isomeric  modifications  of  the  formula,  one  of 
which  is  officinal  under  the  name  Acidum  Lactieum. 

TRIATOMIC  ALCOHOLS. 

There  are  only  three  of  this  class  known  : 

CH(0H)3,  Methenyl  Alcohol,  (hypothetical). 
C3H6(0H)s,  Propenyl  Alcohol  or  Glycerine. 
C6H9(OH)3  Pentenyl  Alcohol  or  Amyl  Glycerine. 
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Methenyl  Alcohol. 

This  has  never  been  isolated,  but  its  haloid  ethers  are  known 
and  are  of  great  importance.   They  are : 

CHCI3,  Methenyl  Chloride  or  Chloroform. 
CHIa,         '*       Iodide  or  Iodoform. 
CHBrs,       "       Bromide  or  Bromoform. 

Chloroform. — This  is  prepared  by  distilling  slaked  lime,  good 
commercial  chloride  of  lime,  water  and  alcohol  together  ;  thus, 

2C2  Hb  0H+8Ca  C1,0  +  Ca(0H)2  =  5Ca  Cl2+2H50+3Ca  (OH),  + 

Ca(CH02)2+2CHCl3. 

It  is  a  heavy,  colorless  liquid,  with  a  characteristic  odor  and  a 
sweet,  burning  taste.  Its  specific  gravity  is  1.485.  It  is 
slightly  soluble  in  water  and  mixes  in  all  proportions  with 
alcohol  and  ether.  It  is  an  antiseptic.  It  is  extensively  used 
as  a  general  anaesthetic,  especially  in  obstetrical  practice.  It 
is  non-inflammable. 

Propenyl  Alcohol,  Glycerine. 

H     H  H 
i      I  I 

The  graphic  formula  of  this  is:   H  —  C  —  C  —  C  —  H. 

I       I  I 
OH  OH  OH 

It  is  prepared  by  superheating  stearin  with  water  ;  thus, 

C3H5(Ca8H350,)3+3H20  =  C3H5(OH)3+3HCl8H350,. 

Fats. — These  are  compound  ethers  of  propenyl  with  the 
fatty  acids.   The  most  common  simple  fats  are  : 

C2H5fCi8H3502)3,  Propcuyl  Stearate  or  Stearin. 
C3H5(Ci6H3i02)3,       *'       Palmitate  or  Palmitin. 
C3H5(Ci8H3302)3,      "       Oleate  or  Olein. 
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Most  natural  fats  are  mixtures  of  these  and  vary  in  consistency 
according  to  the  amount  of  each  present.  Olein  is  liquid  at 
ordinary  temperatures,  stearin  and  palmitin  solid  when  pure. 
The  two  latter  when  in  solution  in  olein  do  not  separate  from  it 
until  the  temperature  is  considerably  below  their  usual  solidify- 
ing point.  Drying  oils  contain  liaoleic  acid,  C1CH28O2,  which 
rapidly  absorbs  O  from  the  air  and  becomes  converted  into  a 
hard,  horny  film. 

Soaps. — These  properly  consist  of  mixtures  of  the  oleate, 
palmitate  and  stearate  of  K,  which  forms  soft  soaps,  or  of  Na, 
which  forms  hard  soaps.  The  term,  however,  is  often  ex- 
tended to  include  all  metallic  salts  of  oleic,  palmitic  and  stearic 
acids.  These  soaps  are  formed  by  the  method  known  as  saponi- 
fication. This  consists  of  the  decomposition  of  a  neutral  fat 
by  means  of  a  hydrate  or  of  an  oxide  and  water  ;  thus, 

C3H5(a8H3502)3+3KOH  =  3Ka8H3502+C3H6(OH)3. 

The  true  soaps  are  quite  soluble,  but  the  stearates,  oleates  and 
palmitates  of  most  of  the  other  metals  are  decidedly  insoluble. 
It  is  on  this  account  that  hard  water  does  not  form  a  lather. 
The  calcium  and  magnesium  salts  which  are  in  it  decompose 
the  soap,  forming  a  lime  or  magnesium  soap,  which  is  insol- 
uble ;  thus, 

2NaCi8H3502+CaS04=Ca(Ci8H3502)2+Na2S04. 

Nitroglycerine. — This  is  simply  nitrate  of  propenyl,  C3H5 
(N08)3.  It  is  prepared  by  treating  glycerine  with  a  mixture  of 
concentrated  nitric  and  sulphuric  acids.  The  latter  serves  to 
take  up  the  water  liberated  ;  thus, 

C3H6(OH)3-f3HN03+H2S04=C3H.,(N03)3+H2S04,  SH^O. 

It  is  a  very  violent  explosive,  there  being  nearly  enough  O  to 
saturate  all  the  other  elements  in  the  molecule,  and  the  com- 
pounds thus  formed  are  all  gaseous.  Dynamite  consists  of 
silicious  infusorial  earth,  the  interstices  of  which  are  filled 
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with  nitroglycerine.  This  earth  is  composed  chiefly  of  the 
skeletons  of  diatoms.  It  will  take  up  about  three  times  its 
weight  of  nitroglycerine  and  forms  a  convenient  way  of  hand- 
ling this. 

TETEATOMIC  ALCOHOLS. 

There  is  but  one  known,  erythrite,  CiHioOi-  This  is  of  little 
importance,  but  the  bibasic  acid  corresponding  to  it  is  very 
important,  being 

CtHaOe,  Tartaric  Acid. — This  exists  in  five  different  physical 
modifications.  The  one  in  ordinary  use  is  the  dextrotartaxic 
acid,  so  called  from  its  rotating  polarized  light  to  the  right. 
It  occurs  in  nature  chiefly  as  potassium  bitartrate  or  cream  of 
tartar  during  the  fermentation  of  grape-juice.  It  is  a  crystal- 
line solid,  odorless,  with  a  distinctly  acid  taste,  freely  soluble  ; 
a  bibasic  acid.  It  forms  a  number  of  salts,  among  the  most 
important  being 

(Zy  {SbOf  {CiHiOBT,  Potassio-stihyl  Tartrate.— This  is 
known  officinally  as  Antimonii  et  Potassii  Tartras,  commonly 
as  tartar-emetic.  This  is  an  acrid  salt,  soluble  in  water,  decom- 
posed by  both  acids  and  alkalies.  It  is  prepared  by  boiling 
solutions  of  antimonious  oxide  and  potassium  bitartrate  ;  thus, 

Sba03+2KHC4H406=2KSbOC4H406+H20. 

Tartar  emetic  is  decidedly  poisonous.  The  antidote  is  tannic 
acid,  or  any  substance  containing  it,  such  as  green  tea.  The 
graphic  formulae  for  tartaric  acid  and  tartar-emetic  are  : 

H    H  H  H 

HO— C—  C  —  C  — C— OH,     K— O— C—  C  —  C  — C— 0~Sb=0. 
II     I      I     II  II     1      1  II 

O    OH  OH  O  O   OH  OH  O 

CeHgOj,  Citric  Acid.— This  is  a  tetratomic  acid,  the  alcohol 
of  which  is  unknown.    It  is  a  white,  crystalline  solid,  freely 
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soluble  in  water,  occurring  iu  nature  in  the  juices  of  many 
fruits.   It  is  tribasic. 

There  are  no  pentatomic  alcohols  known. 

HEXATOMIC  ALCOHOLS. 

There  is  but  one  known,  sextone  alcohol,  C6H14O8.  This 
occurs  in  nature  in  several  forms,  mannite,  dulcite  and  sorbite. 
Mannite  can  be  prepared  artificially  by  acting  on  glucose  with 
nascent  H.  It  is  obtained  from  manna,  an  exudation  from  a 
species  of  ash. 

Corresponding  to  this  alcohol,  the  great  class  of  carbohy- 
drates takes  its  origin.  It  may  be  subdivided  into  the 
following  groups : 

Glucoses.— These  have  a  common  formula,  CeHjsOe,  and 
may  be  considered  aldehydes  of  mannite  ;  thus, 

C8H14O6  —  H!l  =  C6Hi206. 

Nearly  all  rotate  polarized  light  through  different  degrees,  but 
otherwise  they  have  very  similar  properties. 

Saccharoses  or  Sugars.— These  have  a  common  formula, 
CnHsaOai,  and  may  be  considered  as  two  molecules  of  glucose, 
less  water ;  thus, 

2C6Hi,06-HaO=Ci,H„Oxi. 

Amyloses  or  Starches. — These  have  a  formula,  CeHioOs,  or 
some  multiple  of  it,  and  may  be  considered  as  one  or  more 
molecules  of  glucose  less  the  same  number  of  molecules  of 
water ;  thus, 

SCeHijOB-SHaO^CisHsoOis. 

Glucoses. 

The  two  most  important  are  dextroglucose,  or  dextrose,  and 
laevoglucose,  or  levulose.    These  are  so  called  from  their  power 
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of  rotating  polarized  light,  the  one  to  the  right,  the  other  to 
the  left.  They  are  usually  associated  in  nature  and  can  only 
be  separated  by  special  means.  Both  are  found  in  many 
fruits.  Dextrose  alone  is  found  in  animals,  while  levulose 
does  not  occur  separately. 

Preparation. — Both  may  be  prepared  together  by  inverting 
cane-sugar  by  means  of  acids,  yeast,  boiling  or  other  agents. 
These  cause  the  sugar  to  take  up  a  molecule  of  water  and  then 
split  up  into  the  two  glucoses  ;  thus 

CnH220ll-|-H20  =  C6Hia064"C6Hia06. 

This  is  called  inverting,  from  the  fact  that  the  effect  on  polar- 
ized  light  is  changed  from  right-handed  rotation  to  left-handed. 
Cane  sugar  rotates  it  +73.8'*  (to  the  right),  dextrose  -f  56°, 
levulose  —106°  (to  the  left) ;  hence  the  rotation  of  inverted 
sugar  is  —25°  ;  for 

±56-106^_2g_ 

This  change  occurs  spontaneously  in  honey  and  molasses. 

Dextrose  alone  may  be  prepared  by  the  action  of  diastatic 
ferments  or  dilute  acids  on  starch,  causing  it  to  take  up  a 
molecule  of  water ;  thus, 

C6Hio03-f-HaO=C6Hi506. 

Levulose  may  be  prepared  alone  by  boiling  inulin,  a  peculiar 
variety  of  starch,  with  dilute  acids  or  for  a  long  time  with 
water.    These  cause  it  to  take  up  a  molecule  of  water. 

Properties. — Both  are  soluble  in  water  and  alcohol,  and 
fermentable.  Both  respond  to  the  ordinary  tests  for  glucose. 
Together  in  equal  parts  they  are  about  half  as  sweet  as  cane- 
sugar.  Dextrose  is  crystallizable,  levulose  amorphous.  The 
latter  is  sweeter  than  dextrose,  nearly  as  sweet  as  cane-sugar. 

The  other  glucoses  are  of  little  importance, 

Glucosides. — These  are  so  called  because  when  heated  with 
acids,  they  split  up  into  glucose  and  some  other  substance. 
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They  are  sometimes  considered  compound  ethers  of  glucose. 
Many  of  the  neutral  principles,  which  are  of  importance  on 
account  of  their  medicinal  value,  belong  to  this  class  ;  such  as 
convolvulin,  digitalin,  salicin,  etc.  None  of  them  are  alkaloids 
although  they  may  contain  N. 

Sugars. 

Cane-sugar  or  Saccharose. — This  occurs  in  nearly  all  plants, 
often  associated  with  dextrose  and  levulose.  Its  chief  sources 
are  the  sugar-cane,  beet,  maple,  date,  sorghum.  It  does  not 
undergo  the  vinous  fermentation  directly,  but  it  first  becomes 
inverted  and  can  then  be  fermented. 

Milk-sugar  or  Lactose. — This  is  found  in  milk.  It  is  not 
very  sweet  and  is  much  less  soluble  in  water  than  saccharose. 
It  is  more  apt  to  undergo  the  lactic-acid  fermentation  than 
the  alcoholic. 

The  other  sugars  are  of  little  consequence. 

Starches. 

Starch. — The  probable  formula  for  this  is  CieHauOia.  It  is 
found  in  every  plant.  It  is  converted  into  ghicose  by  the 
action  of  a  dilute  mineral  acid  or  diastase,  causing  it  to  take  up 
one  molecule  of  water  and  then  split  up  into  dextrose  and 
dextrin ;  thus, 

Ci8HgoOi6-}-H20=C6Hi20e-|-2C6H]  0O5. 

By  prolonged  boiling  the  dextrin  also  takes  up  water  and  be- 
comes dextrose.  Starch  strikes  a  blue  color  with  free  I.  It  is 
insoluble  in  water  but  forms  a  paste  with  it.  At  high  tem- 
peratures it  becomes  converted  into  dextrin,  which  is  soluble. 

Cellulose. — This  is  found  in  all  plants  associated  with  starch. 
Very  insoluble  and  innutritions.  By  strong  acids  it  can  be 
converted  into  glucose.  Gun-cotton  is  derived  from  this  by 
the  action  of  nitric  acid,  sulphuric  acid  being  used  as  a  dehy- 
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drator.  There  are  three  kinds,  the  formulae  of  which  are : 
C6H,(N02)305,  CeB.siNO,),0„  C6H9(NO.)0..  The  first  is  the 
■explosive  variety ;  the  third  when  dissolved  in  ether  and 
alcohol  forms  collodion. 

Dextrin. — Its  formula  is  CoHmOs.  This  does  not  occur 
native.    It  strikes  a  red  color  with  free  I. 

Gums. — These  chemically  belong  to  the  starches  but  differ 
very  much  in  their  physical  properties. 

THE  AEOMATIC  GROUP. 

The  starting-point  of  this  group  is  CeHe,  benzol  or  benzene, 
the  graphic  formula  for  which  is  given  on  page  97.  In  this 
formula  the  C-atoms  are  linked  together  alternately  by  single 
and  double  linkage.  This  makes  a  saturated  compound  of  it. 
It  would  seem  as  if  we  ought  to  be  able  to  break  up  the  double 
links,  however,  and  get  six  bonds  in  addition  to  the  six 
already  saturated  with  H.  This  has  been  done  and  additive- 
compounds  of  a  formula  similar  to  CoHeCle  have  been  made. 
These  additive-compounds  are  few  and  unimportant.  Nearly 
all  the  compounds  of  this  series  are  substitution-compounds  of 
benzene,  in  which  one  or  more  H-atoms  are  replaced  by  radi- 
cals, simple  or  compound. 

In  case  one  H  only  is  replaced,  we  get  but  one  class  of  com- 
pounds. This  is  because  all  the  C-atoms  in  the  benzene-ring 
are  symmetrical,  and  it  makes  no  difference  to  which  the 
replacing  radical  is  attached. 

In  case  two  H-atoms  are  replaced,  we  get  three  classes  of 
compounds,  differing  somewhat  in  their  chemical  and  physical 
properties.  If  we  number  the  C-atoms  in  the  benzene-ring, 
1,  2,  3,  4,  5,  6,  we  can  attach  the  replacing  radicals  to  1  and  2, 
1  and  8,  or  1  and  4.  In  each  case  we  get  a  different  com- 
pound. These  are  the  only  three  possible  modifications,  whether 
the  two  radicals  are  the  same  or, not,  for  as  all  the  C-atoms  are 
symmetrical,  it  makes  no  difference  at  which  one  we  begin 
to  count. 
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If  more  than  two  H-atoms  are  replaced  by  different  radicals 
the  modifications  become  more  numerous. 

The  aromatic  compounds  are  less  numerous  and  less  impor- 
tant than  those  of  the  fatty  series.  Only  a  few  of  the  most 
important  can  be  discussed  here. 

CeHe,  Benzene. — A  thin,  colorless,  volatile  liquid,  with  a 
peculiar  odor  ;  lighter  than  water,  in  which  it  is  nearly  insolu- 
ble ;  very  inflammable.  It  freely  dissolves  I,  S,  P,  fats,  resins, 
etc.  It  is  obtained  almost  entirely  from  the  more  volatile  por- 
tions of  coal-tar  oil,  but  is  also  formed  during  the  destructive 
distillation  of  many  organic  bodies.  It  can  be  prepared  syn- 
thetically by  heating  ethine  or  acetylene,  CaHj ;  thus. 


From  benzene  most  of  the  other  hydrocarbons  of  this  series 
are  obtained  by  substituting  for  one  or  more  H-atoms  hydro- 
carbon radicals ;  thus, 


These  substituting  hydrocarbon-radicals  are  called  lateral 
chains.  Naphthalene,  CioHg,  and  Anthracene,  C14H10,  contain 
two  benzene  rings.  In  the  former  they  are  fused  together,  in 
that  way  losing  two  C-atoms  and  four  H-atoms.  In  the  latter 
they  are  connected  by  the  quadrivalent  radical,  CaHs,  which 
replaces  four  H-atoms. 


As  in  the  fatty  series,  these  are  formed  by  the  substitution 
of  hydroxyl,  OH,  for  an  atom  of  H.  When  this  substitution 
occurs  in  a  lateral  chain,  it  gives  rise  to  a  primary  alcohol, 
which  resembles  the  primary  alcohol  of  one  of  the  fatty  series. 
If  the  substitution  occurs  in  the  principal  chain,  it  forms  what 
is  known  as  a  phenol.    The  characteristic  group  of  a  phenol  is 


3C2Ha=C6Hi 


Aromatic  Alcohols. 
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C-O-H,  which  is  the  same  as  that  of  the  tertiary  alcohols  in 
the  fatty  series.  They  may  be  moBatomic,  diatomic,  triatomic, 
etc.,  according  as  one,  two,  three  or  more  atoms  of  H  are 
replaced.  They  exhibit  acid  as  well  as  basic  properties 
chemically. 

CeHiOH,  Phenol  or  Carbolic  Acid.— A  colorless,  crystalline 
solid,  deliquescent.  It  has  a  characteristic  odor  and  taste.  It 
melts  at  about  100"  F.  By  the  addition  of  5-10  per  cent,  of 
water  it  is  liquefied,  forming  a  clear  solution.  Beyond  that 
point  they  do  not  mix  until  there  is  twenty  times  as  much 
water  as  phenol,  when  the  latter  is  dissolved.  It  is  very  solu- 
ble in  alcohol,  ether  and  glycerine.  Commercially  it  generally 
occurs  as  a  reddish-brown  liquid  from  the  presence  of  water 
and  other  impurities.  It  is  an  antiseptic,  a  local  irritant  and 
anaesthetic.  It  is  poisonous  ;  the  chemical  antidotes  are  sac- 
charate  of  Hme  and  the  soluble  sulphates,  especially  sodium 
sulphate.  It  is  known  officinally  as  Acidum  Carbolicum. 
Chemically  its  acid  properties  are  very  feeble  and  its  reaction 
is  neutral. 

There  are  several  other  monatomic  phenols,  not  of  sufficient 
importance  to  be  discussed 

CelliiOII)^. — This  is  a  diatomic  phenol  aud  consequently  has 
three  modifications.  These  are  Pyrocatechin,  Resorcin  and 
Hydroquinone.  Resorcin  is  a  crystalline  solid,  soluble  in 
water,  alcohol  and  ether.  It  is  used  to  some  extent  in  medi- 
cine externally.  Hydroquinone  is  a  solid,  soluble  in  water, 
alcohol  and  ether,  not  used  now  in  medicine  but  used  exten- 
sively as  a  developer  in  photography. 

C'6-H3(OJ3")3. — This  is  a  triatomic  phenol  and  there  are  two 
known  modifications.  These  are  Pyrogallol,  commonly  called 
py rogallic  acid ,  and  Ph  loroglucin.  The  former  is  a  soluble  solid , 
used  extensively  as  a  developer  in  photography.  The  latter 
forms  part  of  the  latest  and  probably  best  test  for  detecting 
the  presence  of  free  hydrochloric  acid  in  the  gastric  juice. 
This  test  is  as  follows  :    Dissolve  in  one  oz.  of  absolute  alcohol 
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thirty  grains  of  phlorogkicin  and  fifteen  of  vanillin.  Mix  a 
few  drops  of  this  test  solution  with  an  equal  quantity  of  the 
filtrate  of  the  gastric  contents.  Evaporate  in  a  porcelain  dish 
with  the  aid  of  heat  but  w  ithout  permitting  any  boiling.  If 
more  than  1-20  per  cent,  of  hydrochloric  acid  is  present,  red 
streaks  will  appear  in  the  fluid  with  the  separation  of  brilliant 
red  crystals  if  more  than  1-10  per  cent,  is  present.  It  occurs 
in  the  root- bark  of  several  fruit-trees  and  is  also  formed  by 
the  decomposition  Of  several  tannins  by  means  of  potassa. 

Aviido-Derivatives. 

These  are  formed  by  substituting  amidogen,  NHa,  for  H. 
They  resemble  the  amines  of  the  fatty  series.  There  are  a  num- 
ber of  them  but  only  one  is  of  sufficient  importance  to  be 
described. 

C5Hi{NH^),  Phenylamine  or  Aniline. — A  colorless,  oily  liquid, 
a  little  heavier  than  \vater  ;  slightly  soluble  in  water,  freely  in 
alcohol  and  ether.  It  is  a  powerful  base.  Although  colorless 
itself,  its  compounds  form  most  of  the  artificial  dyes  used  at 
present.    It  is  obtained  indirectly  from  the  benzene  of  coal-tar. 

Aromatic  Acids. 

The  characteristic  group  of  an  organic  acid  is  the  monad 
radical,  CO. OH,  called  carboxyl.  The  oxidation  which  takes 
place  to  form  this  group  cannot  afi'ect  one  of  the  C-atoms  in 
the  principal  chain  of  a  benzene-ring  for  three  of  the  bonds 
are  already  taken  up  by  other  C-atoms  and  the  O  and  OH 
require  three  bonds  to  satisfy  them.  Consequently  the  charac- 
teristic groups  in  aromatic  acids  must  occur  in  the  side  chains. 

There  are  a" great  many  aromatic  acids,  but  only  three  can 
be  discussed  here. 

CeH!,{CO.OH),  Benzoic  Acid.— A  crystalKne  solid,  sparingly 
soluble  in  water,  freely  in  alcohol.  It  is  found  in  many  bal- 
sams and  gum-resins.  It  was  formerly  prepared  by  sublima- 
tion from  the  balsamic  resin,  benzoin,  and  is  now  to  some 
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extent.  It  is  largely  obtained  from  hippuric  acid  and  by  syn- 
thesis from  naphthalene.  It  forms  salts,  called  benzoates,  all 
of  which  are  soluble  in  water.  It  is  officinal  under  the  name 
Acidum  Benzoicum.  It  is  a  mild  antiseptic  and  is  used  inter- 
nally to  some  extent.  It  is  excreted  under  the  form  of  hip- 
purates,  hippuric  acid  being  a  compound  of  glycin  and  benzoic 
acid. 

CiHeO^,  Gallic  Acid.— A  crystalline  solid,  freely  soluble  in 
hot  but  sparingly  in  cold  water.  It  is  obtained  chiefly  from 
the  tannic  acid  in  nut-galls.  By  the  action  of  a  ferment  pres- 
ent there,  with  the  aid  of  moisture  and  warmth,  the  tannic 
acid  assumes  a  molecule  of  water  and  splits  up  into  two  mole- 
cules of  gallic  acid  ;  thus, 

Ci4HioOa+HaO=2C,H606. 

It  does  not  precipitate  albumen  or  salts  of  the  alkaloids.  It  is 
used  in  medicine  as  an  astringent  and  haemostatic,  chiefly 
internally  under  the  officinal  name  of  Acidum  Gallicum. 

CiiHioOa,  Tannic  Acid. — An  amorphous  solid,  freely  soluble 
in  water.  As  was  shown  in  the  preceding  paragraph,  it  is  an 
anhydride  of  gallic  acid.  It  precipitates  albumen,  gelatin  and 
the  salts  of  the  alkaloids.  It  is  used  in  medicine  chiefly  exter- 
nally and  as  a  chemical  antidote  in  alkaloidal*poisoning. 

Under  the  name  of  tannic  acid  or  tannin  are  included  a 
number  of  bodies  of  slightly  varying  common  composition. 
The  one  described  above  is  the  officinal  Acidum  Tannicum, 
known  also  as  gallotannic  or  digaUic  acid,  and  obtained  from 
nut-galls.  Besides  this  there  are  a  number  of  tannins  derived 
from  oak-bark,  rhatany-root,  tea,  catechu,  etc.  These  re- 
semble digallic  acid  in  many  properties,  but  are  incapable  of 
conversion  into  gallic  acid. 

ALKALOIDS. 

These  are  natural  organic  bases;  which  resemble  in  many  of 
their  properties  the  alkalies,  whence  their  name. 
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Sources. — They  are  found  native  in  the  animal  and  vegetable 
kingdoms.  They  are  also  formed  during  the  destructive  dis- 
tillation of  complex  organic  bodies.  Artificial  alkaloids  have 
been  produced  synthetically,  resembling  but  not  identical  with 
the  natural  ones. 

Composition. — Some  are  liquid  and  contain  C,  H  and  N. 
Most,  however,  are  solid  and  contain  in  addition  O.  They 
belong  to  the  amines  and  are  usually  tertiary. 

Properties. — They  combine  with  acids  to  form  salts  directly 
and  without  substitution,  resembling  in  this  ammonia,  NHa. 
Most  of  them  turn  red  litmus-paper  blue.  Most  of  them  have 
powerful  medicinal  properties  and  many  are  used  in  medicine. 

The  important  native  liquid  alkaloids  are  : 


There  are  many  derived  and  artificial  liquid  alkaloids  and  the 
number  of  solid  alkaloids,  both  native  and  artificial,  is  very 
great. 


Proteids  or  albumenoids  are  native  nitrogenous  bodies, 
■found  in  animals  and  plants.  Their  empirical  formula  is 
approximately  C72H112N18O22S.  Their  constitution  is  not 
known  but  seems  to  be  that  of  a  complex  ureide,  containing 
one-fifth  of  its  N  in  the  form  of  urea.  They  are  amorphous 
except  globin,  and  colloid  ;  they  are  slightly  diffusible  except- 
ing the  peptones  which  diffuse  freely.  Most  of  them  are 
•soluble  in  dilute  acids  or  alkalies,  but  nearly  all  are  readily 
'Coagulated.  They  keep  well  when  dry,  but  rapidly  putrefy 
when  moist.  They  are  all  hygroscopic,  and  rotate  polarized 
light  to  the  left.  They  are  formed  almost  entirely  in  plants. 
When  eaten  by  animals  and  assimilated,  they  undergo  but 
little  alteration. 


Conine 
Nicotine 
Lobeline 
Sparteine 


from   conium  maculatum, 


nicotiana  tabacum, 
lobelia  inflata, 
sarothamnus  scoparius. 


PROTEIDS. 


PROTEIDS. 


119- 


They  are  classified  as  follows 


i Serum-albumin. 
Egg-albumin. 
Plant-albumin. 


Soluble  in  distilled* 
water :  coagulated 
by  boiling. 


II. — Globulins.  ■> 


'  Globulin. 

Paraglobulin. 

Fibrinogen. 

Myosin. 

Vitellin. 
^  Globin. 


J 


Insoluble  in  distilled  water  j 
soluble  in  normal  (.75^) 
salt  solution ;  coagulated 
by  boiling. 


III. — Derived  Albumins-  ■■ 


Alkali-albumin 
Acid-albumin. 
Casein.  (?) 
Legumin. 


IV.— 


Fibrin. 

Plant-fibrin  or  gluten. 


J 


Insoluble  in  dis- 
tilled water  or 
normal  salt  solu- 
lution;  soluble  in 
dilute  acids  or  al- 
I  kalies,  but  pre- 
cipitated by  neu- 
tralization :  not 
coagulated  by 
J  boiling. 
Soluble  in  10%  solution  of 
salt  or  in  0.1^  of  hydrochloric 
acid  at  60°  C.  Converted  into 
coagulated  proteids  by  boil- 
ing. 


i Soluble  in  the  gastric  juice,  being 
changed  into  acid-albumin  or  pep- 
tones.   Not  affected  by  boiling. 

ATT  T>^^f/^>,«c  S  Soluble  in  distilled  water.  Not  affected 
Vi.— reptones.   j  by  boiling. 

r    Insoluble  in  everything  but  dilute  ammo- 
T    ri      -    J  Converted  by  strong  acids  into  acid- 

Vil.— Liaraacem.s  g^j^^-j^  caustic  alkalies  into  al- 

1^  kali-albumen. 

The  tests  for  proteids  are  the  same  for  all  classes  except  Lar-^ 
dacein.   They  are  as  follows  : 

(1)  — They  are  all  precipitated  by  excess  of  alcohol  and  in  time 

coagulated. 

(2)  — Xanthoproteic  test.    Heated  with  strong  nitric  acid,  the 

solution  turns  yellow.  On  the  addition  of  ammonia,, 
soda  or  potassa,  this  becomes  orange. 
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<3)— Mix  with  a  strong  sohition  of  soda  or  potassa  and  add  a 
drop  of  a  solution  of  cupric  sulphate.  A  rich  purple 
Qolor  is  developed.  If  chiefly  peptomes  are  present,  the 
color  is  pink. 

.(4) — With  Millon's  reagent  they  give  a  white  precipitate  which 
turns  red  on  boiling.  This  reagent  is  prepared  by  dissolv- 
ing pure  Hg  in  an  equal  weight  of  nitric  acid  by  the  aid 
of  heat.  Then  add  twice  the  bulk  of  water,  and  after 
subsidence,  decant  the  supernatant  liquid,  which  is  the 
reagent. 

FERMENTATION. 

Fermentation  is  the  change  or  decomposition  which  takes 
place  in  most  vegetable  or  animal  substances  after  death  when 
exposed  at  ordinary  temperatures  to  air  and  moisture.  When 
the  process  is  accompanied  by  the  liberation  of  fetid  gases,  it 
is  termed  putrefaction. 

The  most  important  varieties  of  fermentation  are  : 


1- 

-Vinous  or  { 
Alcoholic  ) 

transforms  glucose 

into  alcohol. 

2 

-Acetous — 

' '  alcohol 

' '  acetic  acid. 

3- 

-Lactous — 

"  lactose 

'*  lactic  acid. 

4- 

-Butyrous — 

"        lactic  acid 

"  butyric  acid. 

5- 

-Mucous  or  j 
Viscous  j 

"  cane-sugar 

"  mannite  and  gum. 

6- 

— Saccharous 

—      ' '  starch 

"  glucose  and  dextrin- 

7- 

— Glucosic — 

"  cane-sugar 

"  glucose. 

S- 

—Urinous — 

"  urea 

"  ammonium  carbonate. 

9- 

— Peptous — 

"  proteids 

"  peptones. 

Ferments  may  be  divided  into  two  classes  : 
{^i)— Organized— These  are  composed  of  living  organisms,  usu- 
ally yeasts  or  bacteria.    These  grow  and  multiply  at  the 
expense  of  the  substance  in  which  they  exist.    It  is  due 
to  their  vital  activity  that  the  fermentation  occurs,  the 
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products  of  fermentation  being  probably  simply  their 
excreta. 

(2) —  Unorganized — These  are  produced  by  living  cells  but  are 
themselves  non-living.  They  seem  to  be  of  nitrogenous- 
composition.  Their  mode  of  action  is  unknown  except 
that  they  themselves  do  not  seem  to  be  affected  by  the 
transformation.  They  are  mostly  hydrolytic  in  their 
action. 

The  more  common  methods  for  the  prevention  of  fermenta- 
tion are  as  follows  : 

1 — Thorough  drying. 
3 — Cooling  or  freezing. 

3 —  Canning,  i.  e.,  subjecting  the  material  to  a  temperature 

sufficient  to  destroy  the  vitality  of  the  germs,  and  then 
hermetically  sealing. 

4 —  By  the  use  of  various  antiseptics,  such  as  sodium  chloride, 

potassium  nitrate,  sugar,  alcohol,  smoke,  etc. 
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CHAPTER  X. 
TESTS. 

In  this  chapter  are  given  brief  tests  for  the  more  important 
acids  and  metals  and  the  principal  alkaloids.  Those  especially 
which  have  marked  poisonous  properties  have  been  mentioned. 
A  few  of  them  have  already  been  described  in  Chap.  IV. 

ACIDS  AND  THEIR  COMPOUNDS. 

Nitrous  Acid  and  Nitrites  See  page  34,  section  (7). 

Nitric  Acid  and  Nitrates  "     "    "      "  (8). 

Hydrochloric  Acid  ajid  Chlorides. .  "     "    "      "  (5). 

Sulphuric  Acid  and  Sulphates  "     "     "       "  (6). 

Barium  nitrate,  Ba(N03)2,  may  be  used  instead  of 
barium  chloride.  The  barium  sulphate  formed  in 
either  case  is  characterized  by  its  insolubility  in  every- 
thing but  boiling  sulphuric  acid,  and  only  sparingly 
in  that. 

Carbonic  Acid  and  Carbonates. .  .See  page  36,  section  (13). 
In  case  the  carbon  dioxide  is  combined  with  bases 
to  form  carbonates,  it  must  be  released  from  these 
by  the  addition  of  some  stronger  acid,  such  as  hydro- 
chloric or  sulphuric. 

Ortho-phosphoric  Acid  and  Ortho-phosphates. 
All  other  phosphorus  compounds  must  first  be  reduced  to 
this  condition  by  fusion  with  a  carbonate  of  an  alkali  and 
potassium  nitrate.  A  dd  to  the  phosphoric  acid,  or  the  phos- 
phate dissolved  in  nitric  acid,  an  excess  of  a  solution  of  ammo- 
nium molybdate,  (NH4)2Mo04,  in  dilute  nitric  acid  and  apply 
heat.    A  yellow  precipitate  is  formed  of  phosphomolybdate  of 
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ammonium.  Arsenic  acid  if  present  is  precipitated  at  the  same 
time.  It  shoiild  first  be  removed  by  hydrogen  sulphide.  In 
cases  of  poisoning  it  may  be  necessary  to  test  directly  for 

Phosphorus. — This  can  be  done  by  distilling  the  viscera  with 
water  from  a  glass  flask  connected  with  a  glass  Liebig's  con- 
denser in  a  dark  room.  At  some  stage  in  the  distillation  the 
vapor  in  the  condenser  will  become  phosphorescent.  Should 
this  fail  it  will  be  because  the  P  has  become  oxidized.  In  that 
case  it  will  be  necessary  to  test  for  phosphorous  acid,  for  the 
■presence  of  phosphoric  acid  would  be  valueless  on  account  of 
its  abundance  in  normal  tissues. 

Phosphorous  Acid. — The  mass  of  viscera  should  be  treated 
in  a  gas  apparatus  with  zinc  and  hydrochloric  acid.  If  the 
hydrogen-gas  thus  generated  is  contaminated  with  phosphor- 
etted  hydrogen,  its  flame  will  exhibit  a  green  core,  especially 
when  depressed  by  a  porcelain  plate.  This  reaction  will  also 
be  given  by  hypophosphorous  acid  and  its  salts,  some  of  which 
are  used  medicinally. 

Iodine  and  Iodides. 

Free  I  strikes  with  starch  a  strong  blue  color.  If  in  the  form 
of  iodides,  they  should  first  be  decomposed  by  the  addition  of 
a  little  chlorine  water. 

Hydrocyanic  Acid  or  Cyanides. 

(1)  — On  the  addition  of  silver  nitrate  a  white  precipitate  is 

formed  consisting  of  silver  cyanide,  AgCN.  This  is  dis- 
tinguished from  silver  chloride  by  not  blackening  so 
readily,  by  its  solubility  in  boiling  nitric  acid,  and  by  its 
being  decomposed  when  heated  in  the  dry  state,  metallic 
silver  being  left. 

(2)  — Add  ammonium  sulphhydrate  and  evaporate  to  dryness. 

This  forms  sulphocyanic  acid,  which,  on  the  addition  of 
ferric  chloride  or  ferric  sulphide,  gives  a  blood-red  color, 
due  to  sulphocyanide  of  iron.    This  color  is  instantly 
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discharged  on  the  addition  of  a  solution  of  mercuric 
chloride  or  mercuric  nitrate. 
(3)— Add  solutions  of  a  ferrous  and  a  ferric  salt.  A  green  pre- 
cipitate is  produced,  which,  on  the  addition  of  sulphuric 
acid,  is  changed  to  a  deep  blue  precipitate,  ferric  ferro- 
cyanide,  Fe4(FeC6N6)3,  the  so-called  Prussian  blue. 

METALS  AND  THEIR  SALTS. 

Potassium. 

^l)_To  a  solution  of  a  potassium  salt,  add  a  few  drops  of 
hydrochloric  acid,  platinic  chloride  and  some  alcohol. 
A  yellow  precipitate  falls  of  potassio-platinic  chloride, 
PtCL.  2KC1. 

<2)— Add  tartaric  acid  and  some  alcohol.    A  white  precipitate 

is  slowly  formed  of  potassium  bitartrate,  KHC4H4O6. 
(3)— Spectral  examination  is  perfectly  conclusive.    See  page  59. 

Soditim. 

There  is  no  good  precipitant  for  sodium  salts.  They  all  give 
an  intense  yellow  color  to  a  colorless  flame  and  the  spectro- 
scopic test  is  easy  and  perrectly  reliable.    See  page  62. 

Ammonium. 
See  page  34,  section  (9). 

Calcium. 

See  page  35,  section  (11).  The  crystals  of  calcium  oxalate 
are  easily  recognized  under  the  microscope,  occurring  in  well- 
marked  octahedra.  The  precipitate  is  not  dissolved  by  acetic 
acid  or  by  very  dilute  hydrochloric  acid,  but  is  by  any  excess 
of  hydrochloric  acid. 

Barium. 

(1)— The  addition  of  sulphuric  acid  or  a  soluble  sulphate  gives 
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a  dense  white  precipitate  of  barium  sulphate,  BaSOi, 
soluble  only  in  boiling  sulphuric  acid  and  sparingly 
in  that. 

(2) — Hydrofluosilic  acid  gives  a  white  precipitate. 

Blagnesium. 
See  page  35,  section  (12), 

Zinc. 

Ammonium  sulphide  causes  a  dense,  white  precipitate  of 
zinc  sulphide,  insoluble  in  caustic  alkalies. 

Lead. 

(1)  — Sulphuretted  hydrogen  or  ammonium  sulphide  gives  a 

black  precipitate  of  lead  sulphide,  PbS. 

(2)  — Sulphuric  acid  or  a  soluble  sulphate  gives  a  white  precipi- 

tate of  lead  sulphate,  PbS04,  insoluble  in  nitric  acid. 

(3)  — Hydrochloric  acid  or  a  soluble  chloride  gives  a  white  pre- 

cipitate of  lead  chloride,  PbCL.  This  may  be  entirely 
dissolved  by  great  excess  of  water,  especially  boiling,  and 
does  not  form  if  the  lead  salt  is  in  very  dilute  solution. 

(4)  — Alkalies  or  their  carbonates  give  white  precipitates.  With 

the  former,  it  consists  of  lead  hydrate,  Pb(0H)2,  soluble 
in  excess  of  water,  except  when  produced  by  ammonia. 
With  the  latter,  it  consists  of  lead  carbonate,  PbCOs, 
insoluble  in  excess  of  pure  water. 
(6) — Potassium  iodide  gives  a  yellow  precipitate  of  lead  iodide, 
Pb  I2. 

(6) — Potassium  chromate  gives  a  precipitate  of  lead  chromate, 
Pb  Cr  O4. 

Copper. 

(1)  — Sulphuretted  hydrogen  or  ammonium  sulphide  gives  a 

black  precipitate  of  cupric  sulphide,  CuS. 

(2)  — Sodium  or  potassium  hydrate  gives  a  blue  precipitate  of 
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of  cupric  hydrate,  Cu(0H)2.  By  boiling  this  is  cob- 
verted  into  the  brown  cupric  oxide,  CuO. 

(3)  — Ammonium  hydrate  in  excess  gives  a  dark-blue  color. 

(4)  — Potassium  ferrocyanide  gives  a  reddish-brown  precipitate 

of  cupric  ferrocyanide,  CuaFeCeNe. 

(5)  — Immerse  a  bright  piece  of  steel  in  an  acidu'ated  solution. 

Metallic  Cu  is  immediately  precipitated  on  it. 

Mercury. 

(1)  — Stannous  chloride  produces  a  white  precipitate,  which  on 

heating  becomes  dark-gray.  This  consists  of  metallic  Hg. 

(2)  — Place  a  piece  of  bright  metallic  Cu  in  a  slightly  acid  solu- 

tion of  a  mercury  salt,  but  one  not  containing  any  free 
nitric  acid.  The  Cu  becomes  covered  with  a  dark  gray 
film  of  metallic  Hg.  This  can  then  be  separated  by 
volatilization  and  condensation. 


Mercuro-us  Salts, 

(l)_Sulphuretted  hydrogen  or  ammonium  sulphide  gives  a 
black  precipitate  of  mercurous  sulphide,  HgsS. 

(3)— Potassium  iodide  gives  a  green  precipitate  of  mercurous- 
iodide,  Hgala. 

(3)  — Potassium,  sodium  or  calcium  hydrate  gives  a  very  dark 

precipitate  of  mercurous  oxide,  Hg^O. 

(4)  — The  alkaline  carbonates  give  a  white  precipitate  of  mercu- 

rous carbonate,  Hg^COa,  soon  decomposing  into  the 
black  mercurous  oxide. 

(5)  — Hydrochloric  acid  or  a  soluble  chloride  gives  a  white  pre- 

cipitate of  mercurous  chloride,  Hg^CL.  This  turns  black 
on  the  addition  of  ammonia. 

Mercuric  Salts. 

(l)_Sulphuretted  hydrogen  orammoniumsulphide  gives,  if  in 
excess,  a  black  precipitate  of  mercuric  sulphide,  HgS. 
This  on  sublimation  becomes  red. 

(3)__Potassium  iodide  gives  a  red  precipitate  of  mercuric  iodide. 
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Hgia,  soluble  in  excess  of  either  the  mercuric  salt  or  the 
potassium  iodide. 

(3)  — Potassium,  sodium  or  calcium  hydrate  gives  a  yellow 

precipitate  of  mercuric  oxide,  HgO. 

(4)  — The  alkaline  carbonates  give  a  yellowish-brown  precipitate 

of  mercuric  carbonate,  HgCOa.    This  is  very  unstable. 

(5)  — They  give  no  precipitate  with  hydrochloric  acid  or  soluble 

chlorides. 

Silver. 

Hydrochloric  acid  or  a  soluble  chloride  gives  a  dense  white 
precipitate  of  silver  chloride,  AgCl,  which  blackens  on  expos- 
ure to  light,  is  insoluble  in  hot  nitric  acid  but  is  completely 
dissolved  by  ammonium  hydrate,  from  which  it  is  precipitated 
on  neutralization  by  nitric  acid.  It  is  distinguished  from  lead 
chloride  by  its  insolubility  in  water,  the  latter  being  dissolved 
by  excess  of  boiling  water.  From  mercurous  chloride,  it  is 
distinguished  by  the  latter  being  instantly  blackened  by 
ammonia. 

Aluminium, 

(1)  — On  the  addition  of  sodium  or  potassium  hydrate  a  white 

gelatinous  precipitate  of  aluminium  hydrate,  A1(0H)3,  is 
produced,  soluble  in  excess  of  the  alkali.  Ammonium 
hydrate  gives  the  same  precipitate,  but  it  is  insoluble  in 
in  excess  of  ammonia. 

(2)  — The  carbonates  of  ammonium,  K  and  Na,  give  the  same 

precipitate  with  the  liberation  of  carbon  dioxide. 

(3)  — Ammonium  sulphide  gives  the  same  precipitate  with  the 

liberation  of  sulphuretted  hydrogen. 

Iron. 

Ferrous  Salts. 

(1)  — Ammonium  sulphide  gives  a  black  precipitate  of  ferrous 

sulphide,  FeS. 

(2)  — Sulphuretted  hydrogen  gives  no  reaction. 

(3)  — Hydrates  of  ammonium,  Na  or  K,  give  a  white  precipitate 
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of  ferrous  hydrate,  Fe(0H)2.    This  soon  turns  green  and 
then  brown  from  absorption  of  O. 

(4)  — Carbonates  of  ammonium,  K  or  Na,  give  a  white  precipi- 

tate of  ferrous  carbonate,  FeCOa,  soon  turning  darker. 

(5)  — Potassium  ferrocyanide  gives  an  ahnost  white  precipitate 

of  ferrous  ferrocyanide,  Fe^FeCoNs,  soon  turning  blue. 

(6)  — Tannic  acid  gives  no  reaction. 

Feme  Salts. 

Ammonium  sulphide  gives  a  black  precipitate  of  ferrous 
sulphide  mixed  with  S. 

(2)  — Sulphuretted  hydrogen  gives  a  white  precipitate  of  S  and 

converts  them  into  ferrous  salts. 

(3)  __Hydrates  of  ammonium,  Na  or  K.  give  a  reddish-brown 

precipitate  of  ferric  hydrate,  Fe2(OH)e. 

(4)  -Carbonates  of  ammonium,  Na  or  K,  give  the  same  precip- 

itate as  in  (3)  with  the  liberation  of  carbon  dioxide. 

(5)  — Potassium  ferrocyanide  gives  a  dark-blue  precipitate  of 

ferric  ferrocyanide,  Fe4(FeC6NB)3,  commonly  called  Prus- 
sian blue. 

(6)  — Tannic  acid  gives  a  dark  greenish-black  precipitate  ot 

ferric  tannate. 

Manganese. 

(1)  _Ammonium  sulphide  gives  a  flesh-colored  precipitate  of" 

.manganous  sulphide,  MnS,  soluble  in  acetic  or  mineral 

acid.  . 

(2)  — Hydrates  of  ammonium,  K  or  Na,  give  a  white  precipitate 

of  manganous  hydrate,  Mn(OH)„  soon  becoming  darker 
from  absorption  of  O. 

(3)  -Carbonates  of  ammonium,  K  or  Na,  give  white  precipitates; 

of  manganous  carbonate,  MnCOs. 

Chromium. 


Chromic  Acid  or  Chromates. 

(l)-Any  soluble  lead  salt  will  produce  a  yellow  precipitate 
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lead  chromate,  PbCrO^,  insoluble  in  acetic  but  soluble 
in  hydrochloric  acid. 

(2)  — Any  soluble  barium  salt  produces  a  pale-yellow  precipi- 

tate of  barium  chromate,  BaCr04. 

(3)  — Any  soluble  silver  salt  produces  a  dark-red  precipitate  of 

silver  chromate,  Ag2Cr04 

(4)  — Any  soluble  mercurous  salt  produces  a  red  precipitate  of 

mercurous  chromate,  Hg2Cr04. 
Any  compound  of  Cr  can  be  converted  into  an  alkaline  chro- 
mate by  ignition  with  a  mixture  of  potassium  nitrate  and  an 
alkaline  carbonate.   The  above  tests  can  then  be  applied. 

Gold. 

(1)  — Ferrous  sulphate  gives  a  dark-brown  precipitate  of  metal- 

lic gold,  which  can  be  fnsed. 

(2)  — Stannous  chloride  gives  a  brownish-purple  precipitate, 

called  "  Purple  of  Cassius." 

Bismuth. 

(1)  — Hydrogen  sulphide  gives  a  very  dark-brown  precipitate  of 

bismuth  sulphide,  Br^Ss. 

(2)  — The  addition  of  water  to  a  solution  of  a  bismuth  salt  pro- 

duces a  white  precipitate  of  a  basic  salt. 

Antimony. 

(1)  — Hydrogen  sulphide  gives  an  orange-rod  precipitate  of  anti- 

monious  or  antimonic  sulphide.  This  is  soluble  in  ammo- 
nium sulphide  but  is  precipitated  on  neutralization  with 
an  acid. 

(2)  — Dissolve  the  s\ilphide  thus  produced,  by  heating  with  con- 

centrated hydrochloric  acid.  Pour  the  solution  into 
water  and  a  white  precipitate  of  an  oxychloride  forms. 

(3)  — For  Marsh's  test  in  relation  to  Sb,  see  page  131. 
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Arsenic. 

(1)  _When  ignited,  it  gives  a  garlicky  odor. 

(2)  — If  in  the  form  of  arsenious  oxide,  it  may  be  reduced  to 

metallic  As  by  heating  it  in  a  test-tube  with  sodium  car- 
bonate and  charcoal.  The  As  condenses  in  the  cool  part 
of  the  tube  in  the  form  of  a  black  deposit. 
(8)— Hydrogen  sulphide  in  neutral  or  slightly  acid  solution 
gives  a  yellow  precipitate  of  arsenious  sulphide,  AsSs, 
soluble  in  ammonium  sulphide  or  an  alkaluie  hydrate, 
but  insoluble  in  dilute  hydrochloric  acid. 

As,03+3H2S=As2S3+3HsO. 

(4)  — -Ammonio-silver  nitrate  gives  with  neutral  solutions  of 

arsenious  acid  a  light  yellow  precipitate  of  silver  arsenite; 
thus, 

As,0.+6AgN03-|-6NH40H=2Ag3As03+6NH4N03+3H20. 

With  solutions  of  arsenic  acid  it  gives  a  reddish-brown 
precipitate  of  silver  arseniate,  AgaAsO*.  Both  these 
precipitates  are  soluble  in  acids  and  alkalies.  The 
ammonio-silver  nitrate  is  made  by  adding  just  enough 
aqua  ammoniac  to  a  solution  of  silver  nitrate  to  dissolve 
the  precipitate  first  formed. 

(5)  — Ammonio-cupric  sulphate  (made  similarly  to  the  preced- 

ing) gives  with  neutral  solutions  of  arsenious  acid  a 
bright  green  precipitate  of  cupric  arsenite  ;  thus, 

Asa03-i-3CuS04+6NH40H=Cu3(As03).+3(NH4).S04+3H,0. 

With  solutions  of  arsenic  salts  it  gives  a  precipitate,  also 
green,  but  of  cupric  arseniate.  These  are  also  soluble  in 
acids  and  alkalies. 

(6)  — Reinsch's  Test.    This  is  really  a  method  for  obtaining 

arsenic  from  solutions,  especially  those  containing 
organic  matters.    Hydrochloric  acid  is  added  to  the 
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solution  and  then  strips  of  bright  metallic  Cu  are  placed 
in  it  and  the  whole  is  boiled.  Nearly  the  whole  of  the 
As  is  deposited  on  the  Cu  as  a  gray  film,  constituting  an 
alloy.  The  presence  of  nitrates  or  chlorates  prevents 
this  deposit  until  the  whole  of  these  substances  have 
been  consumed  by  the  action  of  the  Cu. 
(7) — Marsh's  Test.  This  is  the  most  reliable,  especially  for 
minute  quantities.  In  a  gas-generating  apparatus  are 
placed  metallic  Zn  and  sulphuric  acid.  This  causes  the 
liberation  of  H,  which  is  carried  through  a  long  glass 
tube  to  a  burner.  There  it  burns  with  an  almost  color- 
less flame,  which  gives  no  deposit  on  a  plate  held  in  the 
flame.  The  suspected  solution  is  now  added.  If  As  be 
present,  the  flame  becomes  larger  and  bluish  from  the 
formation  of  arseniuretted  hydrogen  and  emits  an  odor 
of  garlic.  If  a  cold  porcelain  plate  is  held  in  the  flame, 
a  dark-brown  spot,  composed  chiefly  of  metallic  As,  is 
deposited  on  it.  Sb  will  give  a  very  simUar  reaction.  In 
order  to  distinguish  it  from  As,  the  following  points  may 
be  noticed : 

a — Soliition  of  chloride  of  lime  (page  15)  will  dis- 
solve spots  of  As  but  does  not  affect  those  of  Sb. 
b — Stannous  chloride  has  no  effect  on  spots  of  As, 
while  it  dissolves  those  of  Sb  slowly  and  completely, 
c — Add  a  few  drops  of  nitric  acid  to  the  spot  and 
evaporate  to  dryness.  The  addition  of  a  drop  or 
two  of  a  solution  of  silver  nitrate  will  turn  it  bright 
red  if  it  is  As  ;  if  Sb,  it  wiU  remain  white. 
d — Pass  the  gass  into  a  solution  of  silver  nitrate. 
In  both  cases  a  black  precipitate  falls.  In  the 
case  of  Sb,  it  consists  of  silver  antimonide,  AgsSb, 
in  which  all  the  Sb  is  contained  ;  thus, 

H3Sb-l-3AgN03=3HN03+Ag3Sb. 

The  solution  now  contains  no  Sb,  while  the  filtrate 
will  give  the  ordinary  reactions  for  it. 
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In  the  case  of  As,  it  will  consist  of  metallic  Ag  ; 
thus, 

H3As+6AgNOs+3H.O=H3As03-f-6Ag+6HN03. 

Arsenious  acid  remains  in  solution  and  can  be 
tested  for. 

(8)— Fleitmann's  Test.  This  is  simply  a  modification  pf  Marsh's 
test,  but  is  very  convenient  and  easily  applied.  It  would 
not  suffice  in  a  criminal  case,  however.  In  a  large,  long 
test-tube,  place  some  small  fragments  of  Zn  and  solution 
of  sodium  hydrate.  This  gives  rise  to  the  formation  of 
nascent  H  Add  the  suspected  liquid  and  place  a  loose 
wad  of  cotton  in  the  tube  a  few  inches  above  the  level 
of  the  fluid  to  prevent  excessive  frothing.  Over  the 
mouth  of  the  tube  place  a  piece  of  bibulous  paper  mois- 
tened by  a  drop  of  silver  nitrate  solution.  If  As  is  pres- 
ent, arseniuretted  hydrogen  will  be  formed.  This  will 
decompose  the  silver  nitrate  with  the  liberation  of  metal- 
lic Ag,  which  will  give  a  purplish-black  stain.  The 
presence  of  ammonia  interferes  with  this  reaction. 

ALKALOIDS. 

Aconitine. 

Dr.  Stephenson,  in  his  testimony  in  the  Lamson  murder 
case,  considered  the  physiological  test  to  be  the  best  and  it 
was  accepted  by  the  Court  as  sufficient  legal  evidence.  It 
consists  in  the  development  of  a  peculiar  tingling  numbness  in 
the  tongue  and  back  of  throat  after  taking  the  alkaloid,  lasting 
for  some  time. 

Atropine. 

(1)— The  best  test  is  physiological,  done  by  dropping  a  little  of 
the  suspected  fluid  in  a  cat's  eye  and  noting  the  mydria- 
sis. In  case  of  poisoning,  the  urine  can  be  used  for  this. 
Cocaine,  unless  in  sufficient  strength  to  cause  anajsthesia, 
will  not  produce  this  effect. 

(3)— Add  a  solution  of  atropine  to  a  hot  mixture  of  sulphuric 
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acid  and  potassium  bichromate.  A  pleasant,  aromatic 
odor  is  developed. 

Hyoscyamine.  Hyoscine. 

These  are  isomeric  with  atropine.  Test  (1)  for  atropine  is 
also  the  best  for  them.  Hyoscyamine  can  be  distinguished 
from  atropine  by  the  foUowing  means:  On  the  addition  of  a 
solution  of  auric  chloride,  in  both  cases  a  precipitate  is  formed 
which  can  be  dissolved  in  boiling  water  acidulated  with  hydro- 
chloric acid.  From  this  it  is  deposited,  if  it  contains  hyos- 
cyamine, in  the  form  of  brilliant,  golden-yellow  scales ;  if 
atropine,  in  the  form  of  minute  crystals,  forming  a  dull  lustre- 
less powder  on  drying.  The  so-called  daturine  is  simply  a 
mixture  of  atropine  and  hyoscyamine. 

Caffeine. 

Treat  it  with  concentrated  nitric  acid.  Evaporation  leaves  a 
yellow  mass,  which  on  the  addition  of  aqua  ammoniae  becomes 
purple. 

Conine. 

(1)  — Heated  with  concentrated  sulphuric  acid,  it  becomes 

brown,  blood-red  and  then  black. 

(2)  — Its  odor  is  peculiar,  resembling  that  of  the  urine  of  mice. 

This  may  be  intensified  by  rubbing  it  with  potassa. 

Gelsemine. 

Strong  sulphuric  acid  produces  a  reddish  color,  which  when 
moderately  heated,  becomes  purple. 

Eserine  or  Physostigniine. 

(l)~An  aqueous  solution  of  the  alkaloid  or  of  one  of  its  salts, 
if  exposed  to  the  air  in  the  presence  of  potassium,  so- 
dium or  calcium  hydrate,  turns  red,  gradually  changing 
to  yellow,  green  or  blue. 
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(1)— The  physiological  test  consists  in  applying  a  little  of  the 
solution  to  the  eye  and  noting  the  myosis. 

Morphine. 

Add  to  the  solution  a  few  drops  of  a  strong  neutral  solution 
of  ferric  chloride  and  then  a  few  drops  of  a  solution  of  potas- 
sium ferricyanide.  A  color  is  developed,  varying  from  a  deep 
blue  to  a  pale  blue,  according  to  the  amount  of  alkaloid 
present.  A  very  delicate  test,  but  an  excess  of  alkali  inter- 
feres and  it  is  prevented  by  acids. 

Codeine. 

If  dissolved  in  sulphuric  acid  containing  1  per  cent,  of  so- 
dium molybdate,  it  forms  a  solution  having  a  dirty-green  color 
which  after  a  while  becomes  pure  blue,  and  in  a  few  hours 
fades  to  a  pa-le  yellow. 

Narcotine. 

Concentrated  sulphuric  acid  forms  with  it  a  solution  which 
soon  becomes  yellow,  and  on  heating,  purple. 

Nicotine. 

(1)  — Becomes  violet  on  warming  with  hydrochloric  acid. 

(2)  — Developes  an  orange-red  color  on  the  addition  of  nitric 

acid. 

Pilocarpine. 

The  physiological  test  consists  in  applying  a  solution  of  it  to 
the  eye  and  noting  the  myosis.  In  this  it  resembles  eserine 
but  it  could  be  distinguished  from  that  alkaloid  by  the  other 
test  given  under  it. 

Quinine. 

Add  to  the  solution  chlorine-water  and  then  aqua  ammonise. 
A  clear  emerald-green  color  results,  sometimes  a  green  pre- 
cipitate. 
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Strychnine. 

(1)  — Add  to  a  few  drops  of  cold  concentrated  sulphuric  acid,  a 

drop  of  the  solution  and  then  a  small  crystal  of  potas- 
sium bichromate,  or  of  ceroso-ceric  oxide.  A  deep  blue 
color  is  developed,  which  rapidly  becomes  violet  and 
then  cherry-red.  The  latter  color  is  permanent  if  ceroso- 
ceric  oxide  is  used. 

(2)  — Another  good  test  is  the  physiological,  done  by  injecting  a 

little  of  the  solution,  or  of  the  urine  in  case  of  poisoning, 
into  a  small  frog.    This  is  then  placed  in  water,  in 
which  its  convulsive  movements  can  be  readily  noticed. 
Brucine  can  be  distinguished  from  strychnine  by  the  intense 
crimson  color  which  is  developed  on  the  addition  of  concen- 
trated nitric  acid.    This  gives  no  color  with  strychnine. 

Veratrine. 

The  officinal  Veratrina  is  probably  a  mixture  of  several  al- 
kaloids. If  mixed  with  concentrated  sulphuric  acid,  it  devel- 
ops first  a  yellow  color,  soon  becoming  reddish-yellow,  intense 
scarlet,  and  finally  violet-red. 

Digitalin. 

This  is  doubtless  a  mixture  of  alkaloids.  No  satisfactory 
chemical  test  could  be  found.  In  one  case  of  poisoning  by  this 
drug,  which  occurred  in  France,  the  physiological  test  of  its 
action  on  the  heart  was  accepted  as  sufficient  proof  of  its 
nature. 
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CHAPTER  XI. 

THE  URINE. 

The  urine  is  the  chief  watery  excretion  of  the  body,  con- 
taining also  the  major  portion  of  the  nitrogenou-  and  inorganic 
excreta.  Its  specific  gravity  varies  from  1015  to  1025  in 
health  ;  it  may  have  temporary  extremes  of  1003  or  1040,  vs^ith- 
out  indicating  necessarily  disease.  Its  color  varies  from  pale- 
yellow  to  amber.  It  has  a  characteristic  odor  and  salty  taste. 
Its  reaction  is  acid  in  man  and  carnivora,  but  alkaline  in  herb- 
ivora.  It  may  be  alkaline  or  neutral  in  man  in  health.  This 
acid  reaction  is  due  chiefly  to  the  monosodic  orthophosphate> 
but  also  to  the  acid  urates  and  hippurates. 

Fermentations. — These  are  two  in  number  : 

(1)  — Acid. — This  occurs  only  in  acid  urine,  within  a  few  liours 

after  it  has  been  passed.  Its  cause  is  not  well  under- 
stood. It  gives  rise  to  increased  acidity  and  a  deposit  of 
uric  acid,  urates  and  calcium  oxalate. 

(2)  — Alkaline. — This  occurs  subsequent  to  the  acid  fermenta- 

tion. It  may  occur  within  the  bladder  in  disease.  It  is 
due  to  the  micrococus  urea3  and  bacterium  ureae,  which 
cause  the  urea  to  assume  two  molecules  of  water  and 
become  changed  into  ammonil^m  carbonate.  This  causes 
a  precipitation  of  the  earthy  phosphates,  ammonio-mag- 
nesium  phosphate  and  acid  ammonium  urate. 
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Composition. 


Water 


950. 

26. 
1.4 
0.7 
0.8 
0.35 
3.3 
0.4 
0.8 

12.55 
3.3 


'  Urea  

Uric  acid  and  urates  

■  Hippuric  acid  and  hippurates  

Kreatinine,  xanthine,  hypoxanthiiie  

^  Taurin,  cystin,  mucus,  pigment  

'  Disodic  and  dipotassic  orthophosphates. . 

Monosodic  orthophosphate  

Calcium  and  magnesium  orthophosphate 

Sodium  and  potassium  chlorides  

Sodium  and  potassium  sulphates  

Gases,  (N  and  carbon  dioxide)  


999.60 


Urea,  {NH^^CO. — The  chemical  characters  of  this  have 
already  been  described  on  page  65.  It  is  a  crystalline  solid, 
freely  soluble  in  water  and  alcohol,  insoluble  in  ether. 

Test. — By  means  of  sodium  hypobromite  or  sodium  hypo- 
chlorite, the  urea  is  decomposed  into  sodium  bromide  or  chlo- 
ride, carbon  dioxide,  water  and  N.  The  latter  is  collected  by 
displacement  and  measured.  0.1  gm.  of  urea  forms  30.3  c.  c. 
of  N  at  the  ordinary  temperature  and  pressure. 

Uric  Acid,  C5H4N4O3. — A  colorless,  crystalline  solid,  almost 
insoluble  in  water.  It  forms  fairly  soluble  salts  wi  th  the  alkalies. 
Its  constitution  is  doubtful,  but  it  is  either  a  cyanogen  com- 
pound or  an  amide,  possibly  both.  It  is  intimately  related  to 
urea,  and  when  decomposed,  that  is  usually  one  of  the  pro- 
ducts. It  is  very  abundant  in  the  urine  of  birds  and  reptiles, 
but  entirely  absent  from  that  of  herbivora. 

Test. — Evaporate  the  uric  acid  or  urate  slowly  with  nitric 
acid.  Allow  the  yellowish-red  stain  thus  produced  to  cool. 
On  adding  a  drop  of  ammonia,  a  purplish-red  color  is  obtained. 
This  is  called  the  murexide  test. 

Hippuric  Acid,  CsIJoiV^Os.— The  proper  chemical  name  for 
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this  is  benzoylamidoacetic  acid.  It  is  formed  by  the  conjuga- 
tion of  benzoic  acid  and  glycin  or  amido-acetic  acid  ;  thus, 

C7H602+C.H5N02=C<,H9N03+H20. 

It  is  almost  absent  in  the  urine  of  carnivora,  but  replaces  uric 
acid  in  that  of  herbivora.  It  is  a  colorless,  crystalline  solid, 
sparingly  soluble  in  water. 

Creatinin,  Xanthin  and  Sarkin  or  Hypoxanthin. — These 
are  crystallizable  nitrogenous  bodies,  occurring  in  small  quan- 
tities in  the  urine.  They  are  complex  ureides,  having  a  close 
relationship  to  uric  acid. 

The  inorganic  constituents  of  the  urine  are  described,  each 
under  its  proper  element. 

ABNORMAL  CONSTITUENTS. 

Albumin. — This  is  the  most  important  proteid  found  in  the 
urine,  although  paraglobulin  often  accompanies  it,  and  occa- 
sionally the  derived  albumins.  The  following  are  the  more 
reliable  tests  for  it : 

(1)  — Fill  an  ordinary  test-tube  nearly  full  with  urine.  Unless 

this  is  distinctly  acid,  add  a  few  drops  of  acetic  acid 
until  it  is.  Boil  the  upper  part  of  the  liquid  in  the  tube. 
If  albumin  is  present,  it  will  form  a  white  precipitate, 
varying  in  thickness  according  to  the  amount  of  albumin 
present.  This  precipitate  may  be  due  to  the  earthy 
phosphates.  If  it  is,  the  addition  of  a  few  drops  of  nitric 
acid  will  cause  it  to  disappear,  while  it  only  intensifies 
that  due  to  albumin. 

(2)  — Heller's  test.    Fill  a  test-tube  with  urine  for  1 — 2  inches. 

Allow  nitric  acid  to  run  gently  down  the  side  of  the 
tube,  or  introduce  it  near  the  bottom  by  means  of  a  long 
pipette.  The  nitric  acid,  owing  to  its  greater  specific 
gravity,  sinks  to  the  bottom.  If  albumin  is  present,  be- 
tween the  two  fluids  appears  in  a  few  moments  a  clear 
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distinct  white  band,  varying  in  thickness  and  intensity 
according  to  the  amount  of  albumin  present.  Urates 
also  give  a  white  band,  but  this  is  less  defined  and  more 
diffused.  It  occurs  higher  in  the  urine  and  is  dissipated 
on  warming.    This  test  is  much  less  delicate  than  (1). 

(3) — Picric  acid.  Pour  a  saturated  solution  of  picric  acid,  con- 
taining a  little  citric  acid,  on  3 — 4  inches  of  urine  in  a 
test-tube.  If  albumin  is  present,  an  opacity  is  produced 
at  the  junction  of  the  two  fluids,  which  is  increased  on 
heating.  Urates,  peptones,  quinine,  morphine  and  other 
vegetable  alkaloids  give  a  similar  turbidity,  but  this  dis- 
appears on  the  application  of  heat.  According  to  Stew- 
art, this  is  twice  as  delicate  as  (1).   It  is  less  reliable. 

{4) — No  very  accurate  and  convenient  method  of  estimating 
the  quantity  of  albumen  has  yet  been  devised.  A  sim- 
ple method  and  one  fairly  accurate  for  comparative 
observation  is  as  follows  :  Use  a  graduated  test-tube, 
filled  each  time  to  the  same  point,  and  precipitate  the 
albumen  by  means  of  (1).  Let  it  stand  for  24  hours  and 
then  note  the  quantity  of  precipitate.  This  gives  but  a 
vague  idea  of  the  actual  amount  of  anhydrous  albumin 
present,  but  it  indicates  very  fairly  the  comparative 
amount  from  day  to  day  in  an  individual  case. 
A  number  of  other  tests  are  used,  but  these  are  the  best  and 

most  convenient. 

Peptones. — These  occur  chiefly  as  peptone  proper,  but  occa- 
sionally as  pro-peptone.  The  following  is  a  good  test :  Pre- 
cipitate the  albumin  as  in  test  (1),  page  138,  and  filter.  Add  a 
solution  of  soda  or  potassa  to  the  filtrate  until  strongly  alkaline. 
Then  a  trace  of  cupric  sulphate  develops  a  pink  color  if  pep- 
tones are  present.    This  is  called  the  biuret  reaction. 

Sugar, — Inosite,  levulose  and  lactose  have  been  noticed  in 
the  urine,  but  the  only  carbohydrate  of  importance  found  there 
is  dextrose,  called  commonly  glucose.  For  its  characters  see 
page  110.    The  tests  used  for  it  are  very  numerous.    Most  of 
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them  depend  upon  its  reducing  power,  which  is  marked,  and 
hence  other  reducing  agents,  especially  uric  acid  and  urates, 
may  give  the  same  reactions.  Only  a  few  of  the  best  can  be 
given. 

(1)  ~Nylander's  test.    Dissolve  2  gm.  of  bismuth  subnitrate 

and  4  gm.  of  Rochelle  salt  in  100  c.  c.  of  8  per  cent, 
solution  of  sodium  hydrate.  Mix  equal  parts  of  the  re- 
agent and  the  urine  in  a  test-tube  and  boil  the  upper  layers 
for  several  minutes.  If  sugar  is  present,  a  black  precipitate 
of  metallic  Bi  is  formed.  Ny lander's  is  not  so  apt  to  be 
affected  as  Fehling's  solution  by  other  reducing  agents. 

(2)  — Fehling's  Test.    This  is  an  alkaline  solution  of  potassio- 

cupric  tartrate,  composed  as  follows  : 

Cupric  sulphate   69.28  grammes. 

Rochelle  salt  250. 

Caustic  soda  100 .         ' ' 

Water,  up  to   2  litres. 

Each  c.  c.  of  this  mixtures  represents  .005  grammes  of 
anhydrous  dextrose  and  will  be  decolorized  by  that.  It 
is  best  to  keep  it  in  two  solutions,  one  containing  the 
cupric  sulphate  in  1  litre  of  water,  and  the  other  con- 
taining the  Rochelle  salt  and  soda  in  the  other  litre  of 
water.  Mix  equal  quantities  at  the  moment  of  using. 
Put  about  1  c.  c.  of  the  reagent  with  3  or  4  of  water  in 
a  test-tube  and  boil.  This  is  to  determine  if  the  reagent 
has  become  decomposed.  If  no  precipitate  occurs,  add 
the  urine  drop  by  drop,  boiling  at  intei  vals.  If  sugar  is 
present,  a  yellow  or  red  precipitate  of  cuprous  oxide  is 
produced.  This  test  may  be  used  quantitatively  by  not- 
ing the  amount  of  urine  it  takes  to  decolorize  20  c.  c  of 
the  reagent.    This  represents  .1  gramme  of  dextrose. 

(3)  — Fermentation  Test. — This  depends  upon  the  conversion  of 

dextrose  into  carbon  dioxide  and  alcohol  through  the 
action  of  the  yeast  plant  (see  page  102).  Place  about  100 
c.  c.  of  the  urine  in  a  loosely  corked  bottle  with  a  small 
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lump  of  yeast.  Put  the  bottle  in  a  warm  place.  After 
twenty-four  hours,  note  the  specific  gravity  of  the  urine 
and  that  of  a  control  specimen  kept  in  a  cool  place. 
Any  loss  will  indicate  the  presence  of  sugar.  The  quan- 
tity is  approximately  indicated  by  the  number  of  de- 
grees lost,  each  degree  representing  one  grain  of  dex- 
trose per  ounce. 
There  are  a  large  number  of  other  tests  used  but  these  are 
sufficient  and  satisfactory. 

Bile. — This  may  occur  in  the  urine  in  the  form  of  the  bile- 
salts  or  bile-pigments  or  both.  If  the  bile-pigments  are  pres- 
ent, the  urine  is  colored  a  smoky  reddish-brown  color.  The 
best  test  for  them  is 

(1)  — Gmelin's  Test.— In  a  test-tube  put  2—4  c.  c.  of  the  urine. 

Let  1—2  c.  c.  of  nitroso-nitric  acid  run  down  the  side  of 
the  tube  and  rest  on  the  bottom,  floating  up  the  urine  on 
top.  A  play  of  colors  is  produced  between  the  two 
fluids,  beginning  above  with  the  brownish  urine  and 
running  through  green,  blue,  violet,  red  and  yellow. 

(2)  — For  the  bile-salts,  Pettenkofer's  test  is  classical  but  of  no 

practical  value  on  account  of  the  difficulty  of  applica- 
tion. Hays  test*,  if  time  proves  its  reliability,  will  be 
very  satisfactory  on  account  of  the  ease  with  which  it 
can  be  done  and  its  extreme  delicacy.  It  depends  upon 
the  fact  that  the  bile-salts  lower  the  surface-tension  of  the 
liquid  in  which  they  are  dissolved.  It  is  done  by  sprink- 
ling some  powdered  sulphur  on  the  surface  of  the  liquid 
and  noting  how  soon  it  sinks.  In  normal  urine  it  wiU 
remain  on  the  surface  for  a  week  or  longer.  If  the  bile- 
salts  are  present  in  the  proportion  of  1  to  120,000,  the 
sulphur  will  sink,  though  very  slowly.  In  the  proportion 
of  1  to  10,000  it  will  be  precipitated  in  a  few  minutes. 
For  the  other  abnormal  constituents  of  the  urine,  the  special 
works  of  reference  on  this  subject  must  be  consulted. 


♦Landois  and  Stirling's  Physiology,  2d  Edit.,  page  294. 
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CHAPTER  XII. 

CHEMICAL  THEORIES. 

THE  ATOMIC  THEORY. 

In  the  beginning  of  this  century,  Dalton  announced  two 
laws  governing  chemical  compounds  which  are  as  follows  : 

t—The  law  of  Definite  Proportions. 

Every  chemical  compound  always  contains  the  same  constit- 
uents in  the  same  proportion  by  weight. 

2— The  Law  of  Multiple  Proportions. 

If  two  substances,  A  and  B,  form  several  compounds  with 
each  other  and  we  consider  any  fixed  weight  of  A,  then  the  dif- 
ferent weights  o/B,  which  combine  with  this  fixed  weight  of  A, 
bear  a  single  ratio  with  each  other. 

These  laws  have  been  confirmed  by  all  investigations  since 
his  time.  The  first  one  requires  no  explanation,  but  the  Law 
of  Multiple  Proportions  is  more  obscure.  Let  us  consider  the 
oxides  of  nitrogen.  There  are  five  of  these.  If  we  analyze 
them  we  find  each  of  them  contains  28  parts,  by  weight,  of  ni- 
trogen Of  oxygen  the  first  one  contains  16  parts  by  weight, 
the  second  32,  the  third  48,  the  fourth  64,  and  the  fifth  80.  If 
we  examine  these  weights  of  oxygen  we  find  they  bear  the 
■  simple  relation  of  1,  2,  3,  4  and  5. 

Upon  these  two  laws  is  founded  the  atomic  theory.  In  this 
theory  all  matter  is  supposed  to  be  composed  of  minute  indi- 
visible  atoms.  These  atoms  entire  enter  into  chemical  combi- 
nation. The  atoms  of  each  element  have  a  fixed  weight,  known 
as  the  atomic  weight  of  that  element.  As  we  are  not  able  to 
weigh  them  directly  nor  to  express  their  weight  in  terms  refer- 
able to  the  earth's  mass,  we  assign  them  comparative  weights, 
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the  standard  being  the  lightest  substance  known,  hydrogen. 
This  is  taken  as  unity. 

These  atoms  do  not  exist  free  but  are  held  together  by  chem- 
ical affinity  to  form  molecules.  This  is  as  true  of  elementary 
as  of  compound  bodies  with  three  exceptions.  These  are  cad- 
mum,  mercury  and  zinc,  whose  atoms  do  not  unite  with  each 
other  when  the  element  is  in  the  gaseous  state.  Under  ordi- 
nary circumstances  the  atoms  of  all  the  other  elements  form 
molecules  composed  of  two  atoms  each,  with  two  exceptions. 
These  are  phosphorus  and  arsenic,  whose  molecules  are  com- 
posed of  four  atoms  each. 

The  determination  of  these  atomic  weights  is  often  a  matter 
of  great  difficulty.  We  can  readily  find  the  percentage  com- 
position of  a  compound,  but  it  is  yet  hard  to  decide  how  many 
atoms  of  each  element  compose  it.  The  methods  are  briefly 
as  follows : 

(1)  — Take  the  simplest  case,  that  of  hydrochloric  acid.  The 

proportion  of  H  is  1,  of  CI  is  35.5.  We  are  able  by  chem- 
ical means  to  displace  the  whole  of  the  H  and  only  the 
whole,  not  one-half  or  any  other  part ;  similarly  with  the 
CI.  We  therefore  conclude  that  they  are  united  atom 
to  atom.  Taking  the  atomic  weight  of  H  as  unity,  then 
that  of  CI  will  be  35.5.  We  find  a  similar  compound  of 
Na  and  CI.  This  contains  35.5  parts  of  CI  and  23  of  Na. 
Hence  we  conclude  that  the  atomic  weight  of  Na  is  28. 
This  method  is  only  applicable  to  a  few  elements. 

(2)  — By  substitution.— The  composition  of  methane  is  3  parts  of 

C  to  1  of  H.  We  can  act  upon  methane  with  CI  four 
successive  times  ;  each  time  the  same  amount  of  H  will 
be  displaced  by  the  same  amount  of  CI,  and  each  time 
a  new  compound  will  be  found.  We  can  only  do  this 
four  times,  and  hence  we  conclude  that  methane  con- 
tains four  atoms  of  H.  That  being  the  case,  the  atomic 
weight  of  C  must  be  12.  This  is  only  applicable  to  a  few 
elements. 

{S)—Avogadro's  Law.— This  is  a  hypothetical  statement,  based 
upon  the  physical  properties  of  gases.    It  is  as  follows  . 
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AU  gases  under  siviilar  circumstances  contain  the  same 
number  of  molecules  in  the  same  volume. 

It  is  borne  out  by  all  facts,  physical  and  chemical,  and 
we  can  accept  it  as  proved.  As  a  result  of  this  law,  it 
must  be  held  that  the  ratio  of  the  molecular  weights  of 
all  gases  to  their  specific  gravities  is  the  same.  For  the 
molecular  weight  is  simply  the  comparative  weight  of 
the  molecules  of  the  element  and  of  the  standard,  and 
the  specific  gravity  is  the  comparative  weight  of  equal 
volumes  of  the  gas  and  the  standard.  If  the  molecules 
of  one  gas  weigh  twice  as  much  as  those  of  another, 
flien  if  this  law  is  correct,  its  specific  gravity  will  also 
be  twice  as  great.  But  that  will  make  the  ratio  the 
same  in  both  cases,  q.  e.  d. 

Take  H  as  an  example.  Its  specific  gravity  compared 
to  air  is  .06826,  and  its  molecular  weight  of  course  is  2. 
for  it  is  the  standard.  The  ratio  is  28.88  and  this  num- 
ber represents  the  ratio  of  the  molecular  weight  of  each 
and  every  element  to  its  specific  gravity.  Representing 
the  moleculiir  weight  by  w  and  the  specific  gravity  by  d, 
then 

?r=dx28.88. 

This  is  only  applicable  to  a  few  elements  directly,  as 
but  few  can  be  converted  into  gases.  A  large  number 
of  compounds,  however,  can  be  used,  and  from  these  the 
atomic  weights  of  many  other  elements  have  been  deter- 
mined. 

■Specific  Heat. — This  is  the  amount  of  heat  necessary  to 
raise  a  given  weight  of  a  substance  1°  C.  as  compared 
with  the  amount  necessary  to  raise  the  same  weight  of 
the  standard,  water,  1^=  C.  Dulong  a- d  Petit  discovered 
the  following  law  in  relation  to  it ; 

The  product  of  the  atomic  iveight  of  an  element  by  its 
specific  heat  is  always  a  constant  quantity :  or  The  atoms 
of  all  elements  have  exactly  the  same  capacity  for  heat. 
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Thus  the  atomic  weight  of  As  is  75  and  its  specific  heat 
is  .0814.  The  ratio  of  these  two  numbers  is  6.1.  If  the 
preceding  law  is  coiTect,  this  ratio,  called  the  atomic 
heat,  is  constant  for  all  elements.  Hence  it  is  only  nec- 
essary to  determine  it  once.  Having  it,  we  can  easily 
calculate  the  atomic  weight  if  we  know  the  specific  heat. 
For  if  we  designate  the  atomic  weight  by  A  and  the 
specific  heat  by  H,  then 


This  method  is  especially  applicable  to  solids. 

(5) — Isomorphism. — This  is  not  of  much  value  but  occasion- 
ally proves  of  service.  Thus  the  only  oxide  of  Al  con- 
tams  54  parts  by  weight  of  AI  and  48  of  O.  This  gives 
us  no  clue  as  to  the  number  of  atoms  of  each  present. 
We  find  liowever  that  it  is  isomorphous  with  ferric  ox- 
ide and  also  forms  many  salts  isomorphous  with  those  of 
ferric  oxide.  Also  a  crystal  of  aluminium-alum  will 
grow  perfectly  well  in  a  solution  of  iron-alum.  We 
know  the  composition  of  ferric  oxide  to  be  FcsOs  and 
thence  we  infer  that  of  aluminium  oxide  to  be  Al^Os. 
That  being  the  case,  it  gives  an  atomic  weight  to  Al 
of  27,  and  to  O  of  16. 

VALENCE. 

By  the  term  valence  or  atomicity  is  meant  the  saturating 
power  of  an  element.  It  has  already  been  discussed  to  some 
extent  in  Chapter  VII.  There  it  must  be  noticed  that  the 
number  of  bonds  which  an  element  possesses,  varies  when  in 
combination,  even  with  the  same  elemen  .  Compare  the  vari- 
ous acids  of  S  given.  In  hydrosulphuric  it  is  dyad,  in  sulphu- 
rous tetrad,  in  sulphuric  hexad.  This  varying  valence  of 
elements  is  one  of  the  most  puzzling  facts  to  account  for.  All 
the  elements  partake  of  it  unless  we  except  H,  which  always 
seems  to  be  univalent.    The  valence  decreases  with  the  in- 


146 


CHEMICAL  AFFINITY. 


crease  of  temperature.  Thus  phosphorus  pentachloride,  PCI5, 
when  heated  to  a  point  sufficient  to  vaporize  it,  is  decomposed 
into  PCI3  and  CI2.  This  is  also  true  of  ammonium  chloride, 
NH4C',  which  breaks  up  int  NH3  and  HCl.  When  these  are 
lowered  to  the  ordinary  temperature,  they  unite  again,  form- 
ing PCI5  or  NH4  CI.  There  have  been  many  suppositions 
offered  to  explain  this  varying  valence.  Among  the  best  are 
the  following : 

(1)  — It  has  been  suggested  that«all  the  combining  bonds  of  an 

element  are  not  of  the  same  character,  and  some  even 
number  of  them  are  feebler  than  the  others.  If  this  were 
the  case,  it  should  occasion  some  physical  differences  in 
a  single  compound,  such  as  NH4CI,  whether  the  CI  was 
attached  to  an  ordinary  bond  or  to  one  of  the  weaker 
ones.  This  is  certainly  not  the  case  in  most  elements. 
In  the  case  of  N  and  S,  it  seems  more  plausible. 

(2)  — It  may  be  that  all  of  the  bonds  are  of  the  same  kind,  but 

that  the  total  affinity  is  the  same.  In  that  case  the 
compounds  having  fewer  molecules  would  be  the  more 
stable,  providing  the  total  affinity  was  saturated.  For 
to  spread  the  total  affinity  over  five  bonds  for  example, 
would  make  each  one  weaker  than  when  it  was  spread 
over  three  only. 

(3)  — It  has  been  suggested  that  the  bonds  of  an  element  may 

saturate  each  other,  in  that  way  neutralizing  each  other. 
This  seems  plausible,  for  with  very  few  exceptions,  the 
valence  varies  by  an  even  number  of  bonds. 

(4)  — In  some  compounds  it  seems  to  be  that  atoms  of  the  same 

element  may  aid  in  saturating  each  other.  Thus  hydro- 
gen peroxide  can  be  written  H — O — O — H.  This  is  appar- 
ently the  case  in  the  mercury,  copper  and  aluminium 
compounds  as  shown  on  page  56. 

CHEMICAL  AFFINITY. 

The  nature  of  this  is  very  imperfectly  known.  It  is  to  some 
extent  comparative,  for  an  element  often  has  a  marked  affinity 
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for  some  and  none  at  all  for  others.  Thus  H  combines  ener- 
getically with  CI  but  not  at  all  with  Cr  ;  F  unites  readily  with 
Si  but  not  at  all  with  O. 

It  does  not  depend  at  all  upon  the  number  of  bonds  an  ele- 
ment possesses.  CI,  which  is  a  monad,  has  a  more  powerful 
affinity  for  H  than  C,  which  is  a  tetrad.  Nor  does  it  depend 
on  the  basicity  of  an  acid,  for  according  to  Remsen  hydro- 
chloric and  nitric  acids,  which  are  monobasic,  have  a  much 
greater  avidity  for  combination  than  sulphuric,  which  is  biba  ic, 
or  hydrofluoric,  which  is  also  monobasic.  This  avidity  of  ele- 
ments and  acids  however  is  often  disturbed  by  tjro  circum- 
stances. 

(1) — If  by  the  union  of  liquids  or  solids  a  gas  can  be  formed, 
th  s  will  happen  usually,  irrespective  of  the  affinities  of 
the  different  elements.  Thus  if  we  add  sulphuric  acid 
to  a  nitrate  or  chlorate  and  apply  heat,  the  sulphuric 
acid  will  displace  those  acids  although  weaker  than  they. 
For  they  are  gases  and  volatilize  as  fast  as  formed. 

(3) — If  by  the  union  of  liquids  or  of  substances  in  solution,  a 
solid  or  an  insoluble  substance  can  be  produced,  this 
will  usually  occur.  CI  has  a  greater  affinity  for  Na  than 
for  Pb.  But  if  we  add  a  soluble  lead-salt  to  a  solution  of 
sodium  chloride,  a  precipitate  of  lead  chloride  is  formed 
owing  to  its  solubility  being  much  less  than  either  of 
the  others. 
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TABLE  OF  METRIC  WEIGHTS  AND  MEASURES. 


1  millimeter 
1  centimeter 
1  decimeter 
1  meter 
1  decameter 
1  hectometer 
1  kilometer 


Pleasures  of  Length. 

0.001  meter  =  0.0394  inch. 

0.01  meter  =  0.3937  inch. 

0.1     meter  =  3.9371  inches. 

=  89.3708  inches. 


10 
100 
1000 


meters 


32.8089  feet. 


meters  =  328.089  feet, 
meters  =     0 . 6314  mile. 


Measures  of  capacity. 


1  milliliter  : 
1  centiliter 
1  deciliter  : 
1  liter 
1  decaliter 
1  hectoliter 
1  kiloliter 


1  milligram 
1  centigram 
1  decigram 
1  gram 
1  decagram 
1  hoctogram 
1  kilogram 


1  c.c. 
lOc.c. 
100  c.c. 
1000  c.c. 


0.001  liter 
0.01  liter 
0.1  liter 

10  litres 
100  litres 
1000  litres 

Weights. 


0.0021  U.  S.  pint. 
0.0311  U.  S.  pint. 
0.2113  U.  S.  pint. 
1.0567  U.  S.  pint. 
2.6418  U.  S.  galls. 
26.418  U.S.  galls. 
264.18     U.S.  galls. 


0.001  gram 
0.01  gram 
0.1  gram 

10  grams 
100  grams 
1000  grams 


0.015  grain  Troy. 

0.154  grain  Troy. 

1.543  grain  Troy. 
15.432  grains  Troy. 
154.324  grains  Troy. 

0.268  pound  Troy. 

2.679  pounds  Troy. 
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A — To  convert  degrees  F.  into  degrees  C. — The  following  for- 
mula is  all  that  is  necessary,  the  signs  being  carefully  con- 
sidered. 

(F-32)-|=C. 

Examples. 

(1)  — Convert  50°  F.  to  degrees  C. 

50-33=18;  18X— =10°  C. 

(2)  — Convert  — 13"  F.  to  degrees  C. 

-13-32=-45  ;-45x-|  =  -25"C. 
B — To  convert  degrees  C.  to  degrees  F. 

(cXgj+32=F. 

Examples. 

(1)— Convert  40°  C.  to  degrees  F. 

40X?=72  :  73+32=104°  F. 
5 

(3)  — Convert  -10°  C.  to  degrees  F. 

-10x^=  -18  ;  -18+32=  +14°  F. 
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Acetylene,  12 
Acia,  definition  of,  45 
Acid,  acetic,  105 

amic,  101 

arsenic,  54,  93 

arsenious,  54,  93 

benzoic,  116 

boracic,  25 

butyric,  105 

oarDamic,  65 

carbonic,  12,  54 

test  for,  122 

carbolic,  115 

chloric,  16,  54 

chlorous,  15,  54 

chromic,  88 

test  for,  128 

eitric,  109 
formic,  105 
gallic,  117 
glycoUic,  106 
hippuric,  137 
hydrochloric,  15,  54 

test  for,  34 
hydrosulphuric,  19,  54 
hydrocyaiiic,  13,  54 

test  for,  123 
hydrochlorous,  15,  54 
hypophosphorous,  25,  54 
lactic,  106 
linoleic,  108 
.      malonic,  106 

metaphosphoric,  25,  54 
metastannic,  90 
niti  ic,  10,  54 

test  for,  34 
nitroso-nitric,  10 
nitrous ,  9,  54 

test  for,  34 
oleic,  105 

orthophosphoric,  25,  54 

test  for,  122 

oxalic,  106 
palmitic,  105 
perchloric,  15,  54 
propionic,  105 
phosphorous,  25,  54 

test  for,  123 
prussic  (see  Acid,  hydrocy- 
anic) 
pyrochromic,  88 
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pyrogallic,  115 

pyrophosphoric,  25.  54 

pyrosulphuric,  22,  54 

silicic,  23 

sulphuric,  21,  54 

test  for,  34,  122 

stannic,  90 

stearic,  105 

tannic,  117 

tartaric,  109 

thiosulphuric,  21,  54 

uric,  137 

valerianic,  105 
Acid  halide,  100 
Acid  oxide,  100 
Acids,  aromatic,  116 
Acids,  organic,  99 
Aconitine,  test  for,  139 
Air,  38 

Albumenoids,  118 
Albumin,  119 

tests  for,  in  urine.  138 
Alcohol,  98  ' 
ethyl  or  common,  102 
methenyl,  107 
methyl  101 
propeny],  107 
sextone,  110 
Alcohols,  aromatic,  114 
diatomic,  105 
hexatomic,  110 
monatomic,  101 
men  atomic,  aolds  of,  104 
tetratomic,  109 
triatomic,  106 
Aldehyde,  99 
Ale,  103 
Alkaloids,  117 

tests  for,  132 
Allotropic,  49 
Alloy,  49 
Alimiinium,  80 

compounds  of,  80 
tests  for,  127 
Amalgam,  49 
Amides,  101 
Aminos,  100 
Ammonia,  9 

test  for,  34 
Ammonium,  64 
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Ammonium,  alcoholic,  100 

compounds  of,  65 
test  for,  34 
Amorphous,  49 
Amylosts,  110,  112 
Analysis,  biological,  36 

elementary  or  ultimate,  47 
i/roximate,  47 
Anhydride,  definition  of,  45 
Aniline,  116 
Anthracene,  114 
Anthracite,  11 
Antimony,  91 

compounds  of,  91 
tests  for,  129 
Apatite,  67 
Aqua  ammonia?,  65 
Aqua  regia,  88 

Aromatic  compounds,  characters 

of,  113 
Arsenic,  92 

compounds  of,  93 

tests  for,  130 
Asbestos,  69 

Atmosphere,  composition  of,  38 
sources  of  pollution 
of,  44 
Atomicity,  49,  52, 145 
Atropine,  lest  for,  132 
Avogadro's  law,  143 
Baking-powders,  61 
Barium,  66 

compounds  of,  66 

test  for,  124 
Base,  definition  of,  45 
Bases,  53 
Basicity,  53 
Beer,  103 
Benzene,  97,  114 
Benzol,  97,  114 
Bile,  in  urine,  141 
Bile-pigments,  test  for,  141 
Bile-salts,  test  for,  141 
Bismuth,  90 

compounds  of,  90 
tests  for,  129 
Black-wash,  77 
Boron,  25 
Borax,  63 
Brandy,  104 
Brass,  74 
Braunite,  86 
Biomlne,  16 
Bromoform,  107 
Bronze,  74 
Cadmium,  71 

compounds  of,  72 
Caesium,  64 
•Caffeine,  test  for,  133 
■Calcium,  67 

compounds  of,  67 

test  for,  35,  124 


Calamine,  70 
Calomel,  75 
Cane-sugar,  liS 
Carbamide,  65 
Cattainol,  101 
Carbohydrates,  110 
Carbon,  10 

compounds  of,  11 
Carbon  dioxide,  test  for,  36 
Carbonates,  test  for,  122 
Cellulose,  112 
Cement,  hydraulic,  68 
Crrusite,  72 
Charcoal,  11 
Chemical  affiinity,  146 
Chlorine,  14 

compounds  of,  14 

test  for,  34 
Chloroform,  107 
Chromates,  test  for,  128 
Chrome-yellow,  72 
Chromium,  87 

compounds  of,  87 
test  for,  128 
Coal-gas.  13 
Cobalt,  85 

Codeine,  test  for,  134 
Collodion,  113 
Compound  ether,  98 
Condy's  Fluids,  87 
Conine,  118 

test  for,  133 
Copper,  73 

compounds  of,  74 

test  for,  125 
Copperas,  85 
Corrosive  sublimate,  76 
Creatinin,  138 
Cyanides,  test  for,  123 
Cyanogen,  13 
Dalton's  law,  142 
Deliquescent  43 
Dextrin,  113 
Dextrose,  110 

tests  for,  in  urine,  140 
Diamond,  10 
Dimorphous,  49 
Dolomite,  69 

Double  decomposition,  50 
Dulong  &  Petit's  law,  144 
Dynamite,  108 
Earthenware.  81 
Efflorescent,  49 
Elements,  list  of,  1 
Epsom  salt,  69,  70 
Erythrite,  109 
Bthene,  12 

Ether,  compound  98 

ethylio  or  sulphuric,  104 
haloid,  98 
oxygen,  98 
sulphur,  99 
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Ethylbenzene,  114 
Fats,  lor 
J'elspar,  23 

Fermentation,  methods  for  pre- 
vention of,  121 
products  of,  103 
requisites  for,  102 
varieties  of,  130 
Ferments,  classes  of,  130 
Fluorine,  17 

compounds  of,  17 
Fluorspar,  67 
Formula,  empirical,  47 
grapliic,  51 
molecular,  48 
type,  48,  51 
Fowler's  solution,  93 
Galena,  73 
Gas-carbon,  11 
Gelsemine,  test  for,  133 
Gin,  104 

Glass,  Bohemian,  82 

crown,  83 

flint,  83 

soluble,  23 
Glucoses,  110 
Glucosides,  111 
Glycols,  106 
Glycerine,  107 
Gold,  88 

compounds  of,  89 
tests  for,  139 
Graphite,  10 

Green,  Paris  or  Schweinfurt,  93 

Scheele's.  93 
Ground-water,  28 
Gums,  113 
Gun  cotton,  113 
Giin-powder,  61 
Gypsum,  67,  68 
Haematite,  red,  83 
Halofrens,  properties  of,  17 
Haloid  ether.  98 
Ilausmannite.  87 
House-drainaKC,  40 
Hydrocarbon,  97 
Hydrogen,  6 

compounds  of,  8 
Hydrofpiinone,  115 
Hyoscyamme,  test  for,  133 
Hyoscine,  test  for,  133 
Hypoxantliin.  138 
Iceland  spar,  07 
Iodine,  16 

Iodine  and  Iodides,  test  for,  123 
Iodoform,  107 
Iron,  82 

compounds  of,  84 

dialysed,  84 

tests  for.  127 
Isomer  sm,  48 
Isomorphism.  145 


Isomorpbous  49 
Javelle  water,  15 
Ketone,  99 

Labarraque's  solution,  15 
Lactose,  112 
Lager,  103 
Lamp  black,  11 
Lead,  72 

compounds  of,  7'2 
tests  for,  125 
Lead-plaster,  7'i 
Levulose,  111 
Lime,  67 
Litharge,  73 
Lithium.  64 
Load  stone,  83 
Lobeline,  118 
Lunar  caustic,  79 
Magnesite,  69 
Magnesium,  69 

compounds  of,  69 

test  for,  35 
Malachite,  73 
Manganese,  86 

compounds  of,  86 

tests  for,  128 
Marsh-gas,  12 
Meerscliam,  69 
Meroaptan,  99 
Mercury.  75 

compounds  of,  75 
tests  for,  126 
Metals,  alkaline,  58 
Metals,  properties  of,  58 
Metals  of  the  alkaline  earths,  6& 
Metamerism,  48 
Methane,  12 
Methylated  spirit,  101 
Milk  sugar,  112 
Morphine,  test  for,  134 
Mortar,  G7 
Naphthalene,  114 
Narcotine,  test  for,  134 
Nessler  reagent,  77 
i^ickel,  86 

Nicotine  test  for,  134 
Nitrogen,  8 

compounds  of,  9 
Nitroglycerine,  108 
Non-metals,  list  of,  2 

properties  of,  3 

Ole'n,  107 
Oletiant  gas,  12 

Organic  compounds,  classification; 
of,  97 

properties  of,  96 
Organic  matter,  test  for,  35 
Organo-metallio  compounds,  100 
Orpiment,  94 

Ortho-phosphates,  test  for,  122. 
Oxygen,  3 
Oxygen  ether.  98 
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•Oxygen,  in  combination  in  plants 

and  animals,  3 
Oxides,  4, 52 
Ozone,  5 
Palmilin,  107 
Peptones,  119 

test  for,  in  urine,  139 
Phenol,  115 
Phenylamine,  116 
Plilorogluoin,  115 
Pliosphate,  acid,  super  or  solu- 
ble, 68 
Phosphate,  reverted,  68 
Phosphorus,  23 

acids  of,  35 
compounds  of,  24 
test  for,  133 
Pilocarpine,  test  for,  134 
Plaster  of  Paris,  68 
Platinum,  95 

compounds  of,  95  . 
Plumbism,  ohrouic,  73 
Polymerism,  48 
Porcelain,  81 
Potassium,  59 

compounds  of,  60 
tests  for,  124 
Proteids,  118 

classification  of,  119 

tests  for, 119 
Pyrolusite,  87 
Pvrocateohin,  115 
Pyrogallol,  115 
Quinine,  test  for,  14 
Radical,  simple,  47 

compound,  47 
Realgar,  94 
Resorcin,  115 
Rubidium,  64 
Rum,  104 
Rust,  85 

Saccharoses,  110, 112 
Salts,  definition  of,  45 

graphic  formulae  of,  54 
Salts  of  Mercury  and  Copper,  gra- 

phi3  formulfe  of,  56 
Salts  of  the  Iron  group,  graphic 

formulas  of,  57 
Sarkin,  138 
Selenite,  67 
Selenium,  22 
Series,  homologous,  48 

isologous,  49 
Silicon,  >,2 

compounds  of,  23 
Silver,  78 

compounds  of,  79 
test  for,  127 
Soaps,  108 
Sodium,  62 

compounds  of,  62 
test  for,  124 


Sparteine,  118 
Specific  heat,  144 
Starch,  112 
Starches,  110, 112 
Steatite,  69 
Stearin,  107 
Steel,  83 
Stonewar\  81 
Strontium,  67 
Strychnine,  test  for,  135 
Sugars,  110, 113 

in  urine,  139 
Sulphates,  test  for,  122 
Sulphur,  19 

acids  of,  20 

compounds  of,  19 
Sulphur  ether,  99 
Sulphuretted  hydrogen,  19 
Talc,  69 

Tartar-emetic,  92,  109 

Tannins,  117 

Tellurium,  22 

Tin,  89 

compounds  of.  89 

Toluene,  114 

Turpeth  mineral,  78 

Type  metal,  91 

Urea,  65 

test  for,  137 

Urine,  136 

composition  of,  137 
fermentations  of,  136 

Valence,  52, 145 

Ventilation,  43 

Veratrine,  test  for,  135 

Vitriol,  blue,  74 
green, 85 
white  71 

Whiskey,  103 

Wine.  104 

Wollastonite,  67 

Water,  26 

Waters,  mineral,  M 

atmospheric,  27 
classification  of  natural,  26 
detection    of  impurities 

in,  33 
ground,  28 

pond,  lake  and  river,  29 
salt,  30 

sources  and  effects  of  im- 

pu  ities  in,  33 
spring,  27 
well.  29 
Xanthin,  138 
Xylene,  114 
Zinc,  70 

compounds  of,  73 
test  for,  125 
Zinc-blende,  70 
Zincite,  71 


